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Foreword 



This is ihe Worldwaich Insiiiuie's firsi 
Siaie of ihe World report. "ITic intent is 
not merely to describe how things are^ 
but to indicate whether they are getting 
better or worse. The yardstick by which 
we measure progress is sustatnabtltty — 
the extent to whidi our economic and 
social systems are successfully adjusting 
to changes in the undeiiying natural re- 
source base. 

The primary focus in State of tkt World 
— 1^^4 is on the interplay between the 
changing resource base and the eco- 
nomic system. Recent concern with this 
relationship was heightened by publica- 
tion of The Lmits to Growth in 1972 and 
dramatically underlined the following 
year by the OPEC oil price hike. The 
return of famine during the early seven- 
ties after nearly a quarter^century's ab- 
sence raised questions about long-term 
food security. These and other issues led 
the U.S. Government to undertake a 
study of global resource issues facing the 
country as it approaches the twenty-first 
century, which culminated in The Global 
2000 Report to the Fresident* published in 
1980. 

In an effort to regularly monitor 
changing conditions worldwide, a num^ 
ber of organizations now issue annual 
reports. The International Monetary 
Fund* for example> publishes a World 
Economic Outlook The World BanV pro- 
duces the World Development Report, an 
annual review of economic conditions in 
developing countries. Several U.N. 
agencies compile yeariy reports in their 



special ireas of respoitsibilicy^ such as 
UNICEF^S State of the World's Children- 
The United Nations Environment Pro- 
gramme publishes a state of the environ- 
ment report. The Food and Agricultu e 
Organization has been publishing for 
many years a State of Food and Agriculiure 
anc* the U.N. Fund for Population Activi- 
ties issues an annual report on popula- 
tion. 

At the natbnal level, some, govern- 
ments— Japan and Israel, for example — 
issue annual *'state of the environment** 
reports. In the United States, the Con- 
servation Foundation last year put out 
State of the Environment—l 982 in an effort 
to supplement the diminishing efforts of 
the U.S. Council on Environmental 
Quality. Half^a-worid away this was par* 
alleled by The State of Indians Environment 
— I982t prepared by the Centre for Sci- 
ence and Environment in New Delhi. 
Within the U.S. Government, the De- 
partment of Energy issues an Interna- 
tional Energy Annual and the Department 
of Agriculture maintains a steady flow of 
reports t^n the world food situation. 

WorldWatch's contribution to this 
growing dialogue is an attempt to ana- 
lyze not only the major developments 
and trends in these specific areas but 
also the way they relate to each other. 
The canvas on which this report is 
sketched is necessarily broad. Its pur- 
pcse is not to replace any of the more 
detailed reports* but rather to supple- 
ment them and perhaps even to enhance 
their usefulness by integrating their 
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findings iti <i broa(kT_aaalysis. We try to 
determine, forcxampk, how the deple- 
tion of oil reserves affects the global 
economy, both directly and indirectly* 
How will the shift from ojl lo renewable 
energy aher global economic structures? 
How does populauon giowth affect soil 
erosion and what effect will erosion have 
on food production? Will population 
growth eventually be slowed by falling 
birth rates or by lising death rates? 
These questions may not yet be at the 
to|) of national political agendas* but we 
believe they are issues that will shape the 
* uman prosjJect. 

The State of the tries to 

measure progress toward sustainability 
;ind determine why some countries are 
doing better on a given front than oth- 
ers. Is progress due to the play of market 
forces, tax incentives, public education* 
government regulation, the emergence 
of a new tedtnology, or intelligent lead- 
ershiD? We try to convey what is working 
ar.d rthy. We see die report as a vehicle 
for quickly disseminating news of inno- 
vative in itiaiives™wh ether it be Swe- 
den's national plan to use reverse vend- 
ing machines to recycle aluminum 
beverage containers* Thailand's innova- 
tive family planning incentives> or Cali- 
I'ontia's policies to spur a massive breSik* 
through in wind electrical generation. 

The Stati of thi World will not cover the 
s;ime topics each yearbut rather will deal 
with the shifting constellation of issues 
that relate to susiainability. This year, 
for example, we have analyzed world- 
wide soil erosion; next year we may focus 
on the conversion of cropland to non* 
farm uses. ITiis year we have a detailed 
analysis of deforestation and the various 
tree planting efforts that are under way. 
Wc may focus next on the condition of 
the world's grasslands, a major source of 
protein in the human diet. This year's 
chapter on renewable energy examines 
wind power, firewood, geothermal en- 
ergy, and photovoliaics. In the 1985 re- 



])ort* we anticipate covering hydro- 
powen solar collectors, alcohol fuels, 
and metliane generation from biological 
wastes. 

In geiieral this first assessment shows 
that extstiig priorities in the use of both 
fiscal and natural resources are not com- 
patible with the long-term sustainability 
of society. A resumption of the broad- 
based improvements in the human con- 
dition ihat characterized the third quar- 
ter of this rentury will require a shift tn 
development strategies and a reordering 
of priorities. A major purpose of this re- 
port is to provide a sense of that needed 
reordering and of new ways to evaluate 
improvements in the human prospect. 

We h3ve tried to design a report that 
will be useful to policymakers. For exam- 
ple, in analyzing energy trends w-e have 
sought to help national energy planners 
who are faced with difficult choices* The 
chapter on nuclear power economics is 
the most comprehet<sive international 
compilation currently available on the 
costs of nuclear power. Unfortunately, 
few energy planners have had access to 
these international cost data. The diap- 
ter that charts the reduced dependence 
on oil worldwide enables national en- 
eiigy officials to compare their progress 
u'ith that rn other countries. 

One by-product of global assessments 
of this sort is the identification of basic 
information gaps. Our effort to analyze 
topsoil loss from erosion indicates that 
few countries have systematically gath- 
ered datr* on soil formation and loss on 
their croplands. Although soil is a basic 
resource, most countries lack the data 
needed for its intelltgent management. 

The analysis underlying the report is 
integrated* or what is sometimes de- 
scribed as interdisciplinary. We have 
consciously chosen not to consider is- 
sues exclusively in biological, economic, 
political> or other dtsdpltnary frame- 
works. Rather, we attempt to examine 
issues in all their complexity, much as 



policymakers luiist coiiskler ilieiu. Any- 
one who has aitenipted io combine cto- 
lo^c and economic analysis understands 
the difiiculiies inherent in inierdUcipli- 
nary research. Even the starting assump- 
tions of die two disciplines conflict. 
Where ecologis*$ see spcciulixation as u 
risk, economists iire inclined to see it as 
a virtue. Ecologists see the world m 
terms of c}x:Ies. such as h}-droiogiad and 
carbon cycles; economists are more 
likely to see it in terms of continttous 
exponential growth. Ecologists seek a 
yield that can be sustained over the long 
term; economists are more interested in 
maximi;ting shon-term profits. 

Givt^i diese differing fi^mes of refer- 
eitce, the stumbling blocks in integrated 
research are obvious. Confining re- 
search on an issue to a particular disci- 
pline is obviously much more eomforla- 
ble. Kcologists can wrap themselves in 
the principles of ecology and econotnisis 
have their economic theories, but inter- 
disciplinary researchers lack such a secu- 
rity blanket. They can selectively draw- 
on iheory from varions disciplines, but 
when the theories do not mesh they 
must rely on Judgtnent and occasionally 
even on intuition. 

The tone of this report is not intended 
to be optimistic or pessimistic. Neither 
unfounded optimism nor undue pessi- 
mism provide a solid foundation for 
policymaking. Only realism will do. 
* * * 

Wi*h *his proj^c(, WorldWatch is re- 
sponding further to a strong worldwide 
demand for policy-oriented interdisci- 
pittiary reseaab. a dematid that i.s re- 
flected in sales of the 67 studies— 57 
WorldWatch Papers and 10 books — diat 
the Institute has published during its 
first several years. For the first six World- 
watch books, where arrangements for 
foreign language editions have been 
largely completed* 74 publishing con- 
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trsicts have been signed in some 24 lan- 
guages. For several WorldWatch Papers 
tlie nttniber of copies in prhn in all l;ni- 
gtiages cotnbinecl has pa£?(ed the hun- 
dred thousand ntark. 

Sale^ of WorldWatch Papers and book 
■ >yalties have helped ptn the Institute, a 
.:^itprofit reseaah orgaiiixation, in the 
untLstial position of earning a large share 
of its financial support. Indeed, these 
earnings and die interest on tjai^nings 
savcd» which now account for nearly h:*lf 
of the Institute's budget, have provided 
some of the futiding for this project. 

Tlie lattnching of this global assess- 
ment represents a natural e\-o!uiion of 
the Institute's ongoing research pro- 
gram on energy, environment, food, 
population, and other global issues. In 
undertaking this progress report, the In^ 
stitute has relied on its existing informa- 
tion-gathering networks, including pub- 
lication exchanges whh some 70 odier 
research institutes around the worid. 
and an extensive international network 
of contacts in agriculture, business, 
demography, economics, energy^ envi- 
romnent^ and science. The Institute has 
also taken advamage of its location in 
Washinj;toii, D.C., to tap the informa- 
tion sources of the U.S. Covemmenti 
World Bank, International Monetary 
Fund, local universities, and other re- 
search organisations. 

Since this is our first State of the Worlds 
we welcome suggestions on how to make 
sttcceeding editions moi'e useful. Com- 
ments and queries may be directed ei* 
ther to me or to the authors of individual 
chapters. 

1-ester R. Brown 

WorldWatch Institute 

1776 Massachusetts Avenue, N.W. 

Washington. D.C. 20036 

December 198} 



15 



STATE OF THE 
WORLD 
1984 



1 



• Overview 

Lester R. Brown 



The news headlines of the eighties de- 
scribe lUe worsi worldwide economic 
crisis in half a century. In many countries 
incomes are falling. Record budget defi- 
cits plague national and local govern- 
ments on every continent* The external 
debts of several countries in the Third 
World and Kas n Europe verge on the 
unmanageable. Corporate bankruptcies 
in major industrial countries are more 
ntimerous than at any time since the 
Great Depression. Unemployment 
ratchets upward in both industrial and 
developing countries. More countries 
are threatened with famine than at any 
time in the modern era. 

The belated U.S* economic recovery 
in 1 983 notwithstanding, the world 
economy is in the worst crisis since the 
Great Depression. There are, however* 
ntajor differences between the thirties 
and the eighties. I1ie crisis of the thirties 
was almost entirely the product of eco' 
y nomic mismanagement during the twen- 
tiesi of ill-conceived economic policies 
that fueled an economic boom until it 
went out of control. On both sides of the 
Atlantic the boom psychology led to 

Unih of mcasurcmcni are usually metric unless 
common usage dictates otherwise. 



financial speciilation that eventually cul- 
minated in the Great Depression, Once 
under way» the Depression seemed to 
feed on itself as international trade de- 
clined and countries turned inward, 
adopting protectionist policies tliat fur- 
ther induced trade* 

Although the economic crisis of the 
eighties is exacerbated by ccoi toiiiic mis- 
management* its roots lie in the de[>le' 
tion of resources* both nonrenewable 
and renewable. During the fifties and 
sixties the world economy steadily 
boosted its use of oil, a fmite re.sourcc, 
putting it on a path that by definition was 
not sustainable over the long nin. The 
depletion of oil reserves, and its effect 
on world oil prices* is the uiost initnedi- 
ate threat to world economic stability^ 
but the depletion of soil resources by 
erosion may be the most serious long' 
term threat* 'Ihc unprecedented doti- 
bling of world food stipplie^; over the last 
generation was achieved in part by 
adopting agricultural practice.s that led 
to excessive soil erosion, erosion that is 
draining the land of its productivity. 
After a point agriculture can no longer 
be sustained-and the land-is^bandoiiedr 

Sustainability is an ecologic concept 
with economic implications. It recog- 
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luzes that cconoiiiic grot^tlt and huimiit 
wcll-beitig depend on iht* natural re- 
source b;ise that supports all living sys- 
leuis. Tecluiolog) has greatly expanded 
(lie caj tirs luuiMu caiiving capacit), 
most obviously with advances in agricul- 
ture. But while the human iiigeuuit) em- 
bodied in advancing technology can 
raise the nauiral Hmils on human eco- 
nomic activit), it cannot entirely remove 
thein. A sustahiable society is one that 
shapes its economic and social systems 
so that ii^ittiral rcsotirtcs imd life-sup- 
port systems arc inaiutaineo. Today we 
study the archaeological sites of earlier 
civilizations that failed to do so, deplet- 
ing their soih, mismanaging their irriga- 
tion systems, or othenvise embarking on 
an unstistaMiable development path. 

IlnmatiityS newly ac(|titred capacity to 
self-destruct with nuclear weapons ha's 
added another dimension to the concept 
of sustainabilit\. Recent research b> U-S. 
and So\iet scientists on the clituatic and 
biological coiiseqtteuces of nuclear Avar 
tmlicates that a succcssftil pix-emptive 
nticlear strike by either superpower 
would lead to a **miclear winter.*' the 
end of civilization and quite possibly 
the end of htmiau life on earth. Against 
the backdrop of this new potential for 
self-destructtou, achte\ing sustatnabtltty 
presents unprecedented poUttcal and 
moral challenges.^ 

Nticlear weapons are not the only ex- 
|>losivc force threatening civih/atiou. As 
populations have nutltiplied, their de- 
mands ha\e begun to exceed the sustain- 
able yield of the economy*s biological 
support systems. In coitntry after coun- 
try these thresholds have been crossed, 
leading to consumption of the basic re- 
sources themselves. Deforestation is re- 
ducing firewood and lumber supplies, 
driving up the cost of cooking fuel in 
Third World villages and the cost of 
housing everywhere. Overfishing and 
overgrazing have become commonplace 
as human claims on these major protein- 



producing biological systems have spi- 
raled. 

Toda)*s ''conoinic headlines describe 
a world that is finding it difficult to live 
within its means. Eager to maximize out- 
put tot^**y, we are borrowing, from to- 
morrow, Oiir economic problems are of 
our own niakiug, the product of shorl- 
sighted economic poHctes designed to 
promote expansion at any cost, of agri- 
cultural pohcies designed to boost food 
output at the expense of soils, and of 
failed or nonexistent population poh- 
cies. 

In our preoccupation with monthly 
ecopomic indicators we have lost touch 
with the environmental resource base on 
which the economy rests. We keep de- 
tailed data on the stock of plant and 
equipment while virtually ignoring the 
condition of soils, the heahh of forests^ 
and the le\el of water tables. Only when 
en\ironniental deterioration or resource 
depletion translates into economic de^ 
cline do we seem to notice it. 



Good News,. Bad News 

Over the past generation the world has 
yielded to an excessive dependence on 
oil, moved from farming soils to mining 
them, and begun co consume the econ- 
omy's biological support systems. In 
short, the world economy has moved 
onto a development path diat is unsus- 
tainable. Although at least some political 
leaders and their economic advisors are 
vaguely aware of this* the effort to return 
to a sustainable development path is not 
yet well defined. Most national govern- 
ments, lacking a clearly defined sustain- 
able development strategy, are attempt- 
ing to "muddle through.*' As a result, 
successes are infrequent, often outnum- 
bered by failures. 
Tne essential components of a sus- 
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tamable, development strategy are 
straightforward. They include stabilizing 
population, reducing dependence on 
oil, developing renewable energy re- 
sources, conserving soil* protecting the 
earth's biological support systems, and 
recycling materials. The good news is 
tiiat in each case at least a few countries 
ai-e making some impressive pro^rress, 
providing a model for others. The bad 
news is that in only one area, reducing 
dependence on oil, is the worldwide per- 
formance close to adequate. 

After several years of tiying to reduce 
dependence on oil, the world finally 
turned the corner in 1979. Since then, 
progress has been broadly based, ex- 
ceeding expectation s. Oftentimes histor- 
ical turning points are tied to a speciiic 
event. With oil* the turning point came 
in 1979* when OPEC oil j>rices rose 
sharply for the second time m six years. 
After peaking in 1979 at 23.8 billion bar- 
rels, world oil consumjption has fallen 
sharply in each of the four years since* 
declining some 14 percent.* ■ 

After three decades of rising oil use* it 
was clear by the early seventies that the 
world's growing dependence on a dwin- 
dling resource, though convenient, was 
not sustainable. Throughout this period 
oil use per unit of output was rising. Be- 
tween 1950 and 1973 the oil used per 
$1,000 worth of gross world product 
(CWP) climbed from 1.33 barrels to 
2.27 barrels, increasing the oil intensity 
of economic output by 71 percent. (See 
Table I-l.) Durihg the seventies the oil 
'use<l per unit of CWP reached a plateau, 
but after the second oil price rise of the. 
seventies it began a steady decline, fall- 
ing from 2.15 barrels per $1,000 of 
product in 1979 to 1.74 barrels in 1983» 
a drop of 19 percent. In this critical area 
the world was not only headed in the 
right direction, but making impressive 
gains. 

FDllowing the 1973 oil price hike en- 
erg"/ planners generally assumed that 



TMe 1-]. Oil Intensity of World 
Eeonomie Output^ 1950-^3 
(lA 1980 dollars) 

Oil Used 
Per $1,000 
Year of Outpui 



(barrels) 



1950 


1.33 


1955 


1.46 


1960 


1.67 


1965 


1.90 


1970 


2.17 


1971 


2.21 


1972 


2.23 


1973 


2.27 


1974 


2.13 


1975 


2.05 


1976 


2.15 


1977 


2.16 


1978 


2.14 


1979 


2.15 


1980 


2.05 


1981 


1.93 


1982 


1.86 


1983 


1.74 



soufiCEJS: American Petroleum Insiiiuic; Herbert 
R. Bloek. Thf P!anttary Product tn 1980 (W^shing- 
lon, D,C: U.S. Deparimeni ofSi^ne^ 198t): an<l 
WorMwatch Instituie estimaics. 

the development of nuclear power 
woulcT surge forward* beginnhig to " 
the void that would be left by oil. Btit this 
was not to be. In 1970 the Organisation 
for Ecotiomic Co-operation and Devel- 
opment "(OECD) projected that its mem- 
bers—the Western industrial countries 
plus Japan— would have 563*000 'mega- 
watts of nuclear generating capacity by 
1985. A 1978 OECD projection foresaw 
a 1985 generating capacity of just 214,- 
000 megawatts, 'just over one-third the 
earlier figi'.re. A 1983 Worldwatch pro- 
jection shows a further reduction. to_ 
183*000 megawatts, largely because of 
the cancellation of partially completed 
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plains. ]ii the rnitcd Stiircs. ^^hcrc ihc 
industn lias been plaguc-d h) iiiglitniat- 
isli cost o\eiriins. no ne\^' reactors ha\c 
been ordered since 1976 and some 87 
reactor orders tia\e bwi (.niccled. Bar- 
ring any liiore new starts. I'-S. miclear 
]>owei inav peak in the e.iHy nineties, 
I'he counti) that led tht^ world into the 
age of ntitlear power may well lead it 

With niK-lcar power failing the in.trku 
test and with senolis en\iionincnta) and 
ineieoiologital <.oiise(|ueiRes associated 
with the expanded nse of toal. the woHd 
is turning to renewable energ>^ re- 
sources, Alihoiigh the developtneiu of 
ieiR\\ahle eiieigi h,ts not received the 
g()\ ernniemal stip)ioti it deser\es. some 
indi\idttal countries have made spectac- 
uLir gams. In Hie United Stales, wliere 
forests ,ire widd\ nnderh.n \ested or not 
)iar\ejsted .it .iIK firewood now supplies 
twice .ts much deli\ered encTgi as nu- 
clear pov\er. Pnhlic attention focuses 'on 
the sCMring residential ti.se of firewood, 
which has tripled since 1973. ict it is 
exceeded b> indiistn's nse of wood and 
wood waste as a fuel* 



The country that led the world into 
the age of nuclear power may well 
lead it out. 



A dramatic baMkthrough in w ind elec- 
trical generation is also occnrring in the 
Tnited States, in (California. B> the end 
of 198!i .m estnna(ed 4.600 wind tur- 
bines were installed in wind farms. 95 
percent of them built during the preced- 
ing 24 months. Their collective genera- 
ting capa<^iti totals some 300 megawatts 
of eleclriciti. enough to satisfy the resi- 
dential ciecirital needs of sonic 1 20.000 
Californians,^ 

Other renewiible encTgy success sto- 
ries ate scattered around the globe. 



U'orld^^ide. over five million homes now 
heat ^^atcruith rooftop solar collectors. 
As oil prices climbed during the seven- 
ties, energy-deficit 'ITiird World coun- 
tries, aided by international develop- 
ment agencies, uiriied to hydropower 
dcrvelopment with renewed vigon Both 
industrial and developing countries 
demonstrated an interest in mint-hydro 
development, a resourcelargely ignored 
during the era of cheap oil And tn Brazil 
nearli one-fourth of all automotive fuel 
used in 1983 came from agriculturally 
based fuels, principally alcohol distilled 
from sugarcane.^ 

If living standards are to be main- 
tained and improved as energy becomes 
more expensive, the systematic recycling 
of materials will have to replace the 
throwaway economy. Some countries al- 
ready understand this. For example^ the 
NetheHands and Japan now lead the 
world in paper recycling, reusing nearly 
half the p?pcT they consume. In the 
United S:ates, nine *;iates have passed 
legislation requiring returnable deposits 
on beverage containers, making it hkely 
that ovcT 90 percent ofihese containers 
will be returned for recycling and reuse, 
Woridwide recycling of aluminum has 
increased from 17 percent in 1970 to 28 
percent jn I98L More important* recy- 
cling of this energy-intensive metal ap- 
pears to be poised for sharp gains in the 
years jihead.^ 

On the population front* the news has 
been mixed. AftcT peaking shordy be- 
fore 1970 at about 1 .9 percent per yean 
world population growth has slowed to 
1-7 pcTcent in the early eighties. Unfor- 
tunately tlhis decade-long ebbing of the 
growfth rate has not been sufficient to 
reduce the actual ntimber added. The 
annual increase, which was roughly 70 
million per year in 1970, has now edged 
up to 79 million. (See Table 1-2.) Until 
ihe rate of world population growth 
stows markedly, improving the human 
condition will be diffictilt. 
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Tftble 1-2. World Pcipulalicin Growth, 
1970 and 1983 

Annual 

Rjtc of Aniuia) 
Vcar ropulauoTi Ct\ ih " A\k\ rase 

(bilUoti) <|>crcctkl ) (tiiillion) 
1970 ZM KO 70 

1983 K7 79 

mh'hck: Popiibhon Kck-icr.cc Bureau. iVorfti Poptt' 

Ai tile national level, liowever> some 
countries have performed admirably^ 
Twelve countries in Europe have 
brought ]^o]>ti)ation growth to a halt. 
More iinpoitaritly, China, home to 22 
percent of the world's people, has re- 
^ duced its population growth to just over 
I Dercciu ))ci year comparabk'to that in 
some industrial countries. In a near des- 
perate efforitto break the inonieiittiin of 
its population growth, China has shifted 
from birth planning and the adoption of 
birth quotas at the commune or produc- 
tion-team level to the national goal of a 
one-child family.^ 

Elsewhere in the Third World, prog- 
ress has been uneven, India* the other 
poptilation giant, appears to be getting 
its family planning program back on 
track iifter several years of neglect, but 
valuable time has been lost- Without de- 
cisive action, India's population of 715 
million is projected to grow by another 
billion people— as many as China now 
ha^before stabilizing,^ 

Tne lack of movement toward sustain- 
abiUty in several other key areas is also of 
great concern. Efforts to protect the 
world's forests are not faring well. Each 
y^ar they shrink by an area roughly the 
size of Hungary. In the great majority of 
Third World countries deforestation is a 
serious matter^one with long-term eco* 
noinic and ecologic consequences. One 
notable exception to this generalization 
is~^outh Korea, which has successfully 
reforested lis once denuded mountains 



and hillsi ]>lantiiig in trees an area two- 
thirds that in rice, iliecotiiitry's food sta- 
ple.. Although national successes are 
rare, there are scores of pi^omising local 
initiatives, such as in the Indian state of 
Gujarat, that must be multiplied many 
times if future firewood needs are to be 
assured.*** 

Soil erosion^ mentioned, has now 
reached epidemic ptoportions. But no 
major country, industrial or developing, 
has res])onded eff^ectively to this tlireat 
to sustainable agricuhure. As pressures 
on the land have intensified over the past^ 
generation, erosion has increased until 
close to half the world's cropland is los- 
ing topsoil at a debilitating rate.'' In the 
United Stales, the crop surpluses of the 
eaHy eighties, which are sometimes cited 
as a sign of a healthy agricuhure> are 
partly the ))roduct of mining soils* 

With food security^ what little good 
news there i^ ha.s been overshadowed by 
the bad. During the early eighties* world 
food reserves increased, climbing to 
their highest level in a decade. Unfortu- 
nately* reserve*? accumulated for the 
wrong reason— the lack of progress in 
raising the ])urchasing power and per 
capita food consumption of the world's 
poor. Since 1973, little progress has 
been made in raising food consumption 
per person for the world as a whoteJ^ 
While North American agricultural out- 
put surged ahead during the late seven- 
ties antl early eighties, that in Africa and 
the Soviet Union lagged. In Africa falling 
per capita food production has> since 
1970, slowly but steadily dragged thai 
continent into a crisis. Perhaps even 
more disturbing, the forces leading to 
this deterioration in Africa— rapid popu- 
lation grow th, soil erosion, and underin- 
vestment in agriculture — may well lead 
to a decline in per capita food produc* 
tion in other regions as well, such as 
northeastern Bray.il, thy Andeaii^coiin- 
tnes,~Ceniral America, the Indiai) sub- 
continent, and the Middle East. 
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I hc* uideiy djj;]).ii .ite i cgioiul perform 
mances in food production arc mirrored 
in the shift in world grain trade patterns. 
More and more countries have become 
importers, increasing their dependence 
on the North American breadbasket. In 
1982, the Uitited States controlled 55 
percent of world grain exports; Saudi 
Arabia, by contpansoHf controlled 32 
percent of world oil exports ITiis 
overwhelming reliance on one region 
for food leaves tlic world vulnerable to 
Nortlt Antericait climatic variability and 
politically inspired export embargoes. 



The value of arms imports into the 
Third World has now climbed 
above that of grain imports. 



If the scientific and ftnancial resources 
needed to put the world economy on a 
sustainable footing in all these areas are 
to be mobilised, they may have to come 
at the expense of the military sector. But 
durhtg the yeant since 1979. a period 
distinguished by a lack of economic 
progress^ the militarization or the world 
economy has accelerated* almost as 
though mounting economic stresses 
were causing political leaders to try to 
offset these insecurities by spending 
more on weapons. Between 1979 and 
1083. global military expenditures 
cUnibed from $554 billion to $663 bil* 
lion (1^)80 dollars)^ an increase of one- 
fiftli> and pushed global military expen- 
ditures to $145 per person.** 

Not only do many of the world*s scien* 
lists devote their skills to develofping 
new weapons, but political lead^s ap* 
pear to devote more and more/of their 
time to military matters. An<k disap- 
pointingly* the value of arms vnports 
into the_13utdJSorldJiasLJiow.JC^ 
above that of grain imports. As a re* 
suit, many Third World populations^ 



though poorer and hungrier, are better * 
armed. 

On another key front — the threat of 
nuclear annihilation — there was serious 
regression. Hard*line posturing by the 
j^wo superpowers raised concern over 
nuclear war to a new high. Many of the 
estimated 50*000 nuclear weapons* both 
strategic and tactical, are poised for 
launch a^ the push ofa button. If ever 
unleashed* this destructive power would 
bring civilization as we know it to an end. 
The one encouraging development dti 
this front has been the rising level of 
public awareness* particularly in Europe 
and the 4Jniied States. Public interest 
groups* religious organizations* profes- 
sional associations* and business groups 
have joined hands in an effort to reduce 
the potential for nuclear annihilation. 
On balance* perhaps the key gain during 
the early eighties has been this growing^ 
understanding of the many threats to the 
sustainability of civilization. By this indi- 
:i:alor, at least* we are gaining. 



The Changing Economic 
Prospect 

For most of humanity the century's third 
quarter was a period of unprecedented 
prosperity. World output of goods atid 
services expanded 5 percent annually, 
tripling in less than a generation. Rapid 
growth had become commonplace^ built 
into the aspirations of consumers* the 
earnings projections of corporations, 
.^nd the revenue expectations of govern- 
ments. Few stopped to calculate that 
even a' 4 percent rate of economic 
growth* if continued* would lead to a 
Bftyfold expansion in a century. And 
_eYe]D. fewer_coii?ylderedjhe pressures this 
would put on the earth*5 resources* both 
renewable and nonrenewable. 
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Clic;ip energy. spc(t(u.ill) \Uva\) oil-^ 
iffiiic liienlly fueled tliis record etc 

"^nomic expansiotu Al less than $2 a bar- 
, reL oil t^-as so clleap thar ^^o^^\ from the 
■perspective ofdicM^itc twentieth rentnr>» 
it appiMrs to Im^V been almost a free 
good, li was not only inexpensive, but it 
^^'<\s vers^itile mh\ e.i^^ily tr.iiisponedi It 
could be used eqii^illy well as a tuel for 
generating electricity or_ powering nia- 
cliinery or as a chemical feedstock. 

Cheap oil ptished bnck inauy of the 
tnidition:il resource conNtnnnts on 
grot^'th. In its various forms it was sub- 

. stitnted for scarcer resources. Fertilizer 
t^^is substituted for ciTtpland. kerosene 
for fire\\oo<L synthetic fibers for natural 
ones, and. as tractors replaced draft ani- 
nials> gasoline and diesel fuel for forage 
and gram. Cheap oil had become a sSfety 
\"alve> alievjatuig prjessurc on less abun- 
dant resources. But as the price of oil 
began to clitnb. substitution became 

^ more costly and thesafet) \alvc began to 
close. 

1 he transition to costly oil has affected 
world*economic performance both di- 
rectly, ;md indirectly. Capital require- 
ments in the energy sector, especially for 
the development ofncu encrgj sources. 
Iiave soared, draining capital from other 
sectors. Rising real energy costs have led 
to higher wage demands aiid general in- 
Hation. And realization that the age of 



energy abimdauce is endhig has damp- 
ened the outlook for investt>rs and con* 
sumers alike. (See Table 1-3.) 

Among the sectors most affected by 
the changing oil situation is the oil in- 
dustry itself, a major part of the world 
economy. As demand for oil dropped 
because of high prices, world economic 
iictivity h;is been redticed by downturns 
in oil production, transport, and refm- 
ing. After Increasing by well over 7 per- 
cent per year from I950to l973,oilpro- 
ductioii dropped to 2 percent per year 
between 197:^ and I979.-Afier the sec- 
ond oil price hike of the severities' it " 
began to decline, falling some f> percent 
per year for the next four years. 

Rising oil prices have also slowed the 
growth in world grain production. 
(Other facciTors slowing the growth hr 
food output include soil erosion, water 
shortages, and diminishing returns on 
fertilizer use.) Although attention has 
focused on the effects ofhigher oil prices 
on food prodtiction, theeftect of escalat- 
ing oil prices otK^tlie world economy has 
also weakened the growth in demand for 
food. After increasing by 3. 1 percent per 
\earfrom 1950 to 1973, world grain pro- 
duction has averaged less tlian 2 percent 
per year ever sitice. 

Industries that are even more directly 
tied to oil have been hit still harder by 
the changing oil outlook. Of the^e none 



T^ble 1-3. Basic World Econofnic Indicators at Thne Oil I rice Levels, 1950-83 

(in 1980 dollars) 
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(percent) 




M)50-7:i 


2 


7.t> 


3 1 5.8 


5.0 


197:1-79 


rj 


2.0 


1.9 l.l 


3..5 


1970-83 


31 




1.0* -:i.o 


1.7 



prof^rnms t^fUKcd tltc t983 lur\cs4 ucl) bdnu Itmd. 

soVRc^S: Hai-t'd on iUt^ from AmtTJcatt J*cirok'tJr , InUttutr. I'.S, t)c[Mrnm'tti ot Aghcnhurt', \toioi 
Vrhkl^ M.tnnfncturcrs AMt'Ci.tuoti. .tm) I'.S. tV^j^uittu'Ht <if St.tu*' 
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has sufVcml nunc than HUtoniobtlc pro- 
(iuciLon, the world's largest manufactur- 
ing industn, Between 1950 and 1973 
world auto production expanded by 5.8 
percent per year. VVitfioil averaging$i2 
si barrel between i07i and 1979* tbe 
growth in ;iiito output ^slowed markedly* 
u>Ju,st over i percent per year. When the 
world oil price was pushed over $30 in 
1979* the slowdou'n in production 
growth bec3tne a decline* with output 
falling from 31 jnillioii automobiles in 
1979 to 4)11 estimated 27 million in 1983. 
Although this founyear slide is obvi- 
ously not a trend to be projected to the 
end of the century* it does suggest that 
the jntomohile*!^ luture is clouded. 

"i lieefiect ofhigher oil prices on auto- 
mobile :sales is both direct and indirect. 
Most ]inmedi;nely. higher fuel prices dis- 
<;our4ige mitoinohile ownership. But to 
the extent that the changing oil i^ituation 
tnms^Iates iiuo ,slower economic growth, 
gro\ah in die number of potential buy- 
ers ulso slows. .'Vhhough it is analyticallv 
(lifhaiU to ,separate these tWo effects* 
they are combining to alter the automo- 
bile s future*. 

A decline in the demand for automo- 
biles ripples through the world econ- 
omy, depre.s.sing demand in basic supply 
itidustnes such" as steel, rubber* and 
gla,ss. Coiiipunies producing auto parts 
and muchine tQols are also adversely 
afferted, Downuiras in these basic in- 
dustries have Contributed to the eco- 
nomic growth slowdown in the leading 
industrial societies. * * 

Given the emerging constraints on 
growth* parciailarty hi such basic sectors 
as food and energy, the world will have 
great difliaihy re,sumtng the rapid eco- 
nomic growth of the 1950-73 period. 
Hijjh-tethiiology industries such as mi- 
croelectronics and biotechnology can 
expand dramatically* helping to improve 
the efficiency of energy use and boost 
agricQltural production* but thejr 
growth cannot begin to offset the slower 



growth or decline in the basic sectors. 
Economic growth in the next several 
years, and quitt* possibly throughout ih^ 
rest of thi;^ century* is more likely jo be 
slow than rapid* more likely to average 2 
percent per year than the 4-5 percent 
that characterized the century's third 
quarter. 

Assessing future economic prosper»s 
is complicated by the difficulty of sepa- 
rating the effects on growth of the 
changing resoutre situation* evidenced 
for example by the 1979 oil price hik^, 
and the cycUcal behavior of the world 
economy. In short* is the slow growth of 
'the J979--83 peHod merely a cyclical 
downturn* as some economists argue, or 
is it the early stage of'a transition to a 
future when economic growth will be 
much slower? .ITie analysis underlying 
this report* which assesses the effects of 
a broad range of resource constraints on 
worid economic growth, indicates it is 
the latter. 



The Shrinking Resource 
Base 

Of all the resources that are being de- 
pleted, losses of oil and topsoil pose the 
greatest threats to economic progress 
and stability. With reserves of both 
being steadily depleted* the world is fac- 
^^ng ma^or economic adjustments that, at 
" a minimum, will extend over several 
decades, 

Oii reserves are commonly measured 
at two levels, those that are proven and 
the larger, less precise category of those 
that are ultimately recoverable. Proven 
reserves have been physically verified 
and can be extracted profitably at cur* 
rent prices* relying largely on natural 
pressure in the oil-bearing structures, 
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UltHiiatcly rccovcr^ihle reserves include 
iioi only an estimaie of an> additional oil 
likely lo be discovered* bul also any re- 
serves thai cai) he extracted using ihe 
more expensive secondary and tertian 
recovery techniques, which fcly on the 
use of pressure and solvents. Kxtr^ctiiig 
all the estimated 2.1 trillion barrels of 
ultimately recoverable oil would require 
prices well above current -levels.'^ 

By the late seventies annual VkOrldoil 
consumption was Just under 23 billion 
barrels per year, nearly 3 penent oi 
proven reser\'es of 670 billion barrels. It 
Was this wholesale depletion of reserves 
that helped convert thfe vtorld oil eeon- 
omy from a buyer's to a seller's market 
y^-'jilmost Overnight, At the 1983 oil pro- 
duction level of 18 billion barrels* 
proven reserves of oil would last 37 
years. (See Table 1-4.) Applying this 
same rate to the ultimately recoverable 
reserves would stretch production out to 
114 years, obviously a preferable time 
span. 

As the demand for food has climbed , 
with each passing year, the Vk-orld has 
begun io mine its soils, converting them 
into a nonrenewable resource. Even in 
an agriculturally sophisticated country 
like the United States, the loss of soil 
through erosion exceeds new soil forma- 
lioilon over one-third of the cropland.'* 
Assuming there is still on average seven 
inehes of tnpsoil on the world's crop- 



land, there are some 3.5 trillion tons of 
to|>soil that can be used toprodticefood. 
If erosion on cropland exceeds new soil 
formation by 23 billion tons per year 
(the rate that is calculated in Chapter 4)i 
topsoil reserves will disappear in about 
ir)0 years, only a few decades after the 
exhaustion of ultimately rc*covei^ble re- 
serves of oil. 

There are; however, important differ- 
ences in the \vays these two basic re- 
sources are being depleted. For exam- 
I)lei it "is reasonable to expect that 
essentially all the w'orld*!i oil reserves will 
one day be depleted, but this is unlikely 
to occur with topsoil because not all the 
world's cropland is suTiject^to excessive 
erosion under normal agricultural use. 
Yet much of the world's topsoil will be 
lost if steps are not taken to protect it. 

A second contrast in the depletion of 
thc*se tivo basic resources is that the 
world is far more aware of oil depletion 
and its consequences. Governments 
everywhere have responded to the grow- 
ing scarcity of oil bin such is not the case 
for soil. With only occasional excep- 
tions* agricultural and population poli- 
cies have not taken soil depletion into 
account. In part, the contrasting aware- 
ness of oil and soil depletion is the un- 
derstandable product of differing levels 
of information. The world oil crisis re* 
ceived a great deal of attention largely 
because oil is a widely traded commod- 



Table 1-4, World Depletion or Oil and Topsoih 
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Time 
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Depletion 


To Deplete 




(bilhob barrels) 


(years) 


Provm Reserves of Oil 


670 18 


37 


Ultlmntelv R^coveniblc Rt»servei 


2.100 18 


IM 


of Oil ' 








^ U>illion tons) 




Resenes of Topsoil on Cropland 


3.500 23 


15^ 



t>oVKC>:s: AtncrtC^in IV-irokuin InKltUMc. world tJH-Vgt t^c)Tirt.rt.nct. Sutvey of Hner^ Hmatres J9if0 
(Unidoti: \9B0). lopsoil rcsmcs ;»r<: l\V>rkinf.i<ch Instttuic <:s<irna«:s iw ChApUr A). 
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ity» villi iiic^i (ounmos boiiig importers. 
With soil, howevpr> the crisis is a quiet 
one. Estimates are regulaHy made for oil 
reserves, adjusting annually both for de- 
pletion through production and new dis- 
coveries. Such a procedure docs not 
exist for world soil reserves, lnd<.'ed> not 
until topsoil has largely disappeared and 
food shor'dges"or even famine have de- 
veloped dot's this loss become apparent. 



The depletion of oil reserves will 
make the n'emaining soil even more 
valuable^ 



rheefi'eci of price on the depletion of 
ihc (Wf) resources also varies. Higher 
prices for oil rajse the amonnt that can 
be ultimately recoveredi but higher 
prices for food may simply lead to more- 
intensive lane! nse and faster topsoil loss. 
And the depletion of oil reserves will 
make the substitution of energy for crop- 
land more difficult, rendering the re- 
maining soil even more valt^hte. 

Beyond these key resources of oil and 
soili a daunting r^mge of renewable sup- 
port ,w5teins are deteriorating under 
mounting pressures. As a result of over- 
cutting and clearing for fatminp and 
grazingt ibe world's forests areshnnking 
by nearly 1 percent per year, Eadi year 
ihc fore,sted area of the tropicsi where 
most deforestation occurSi is reduced by 
1 1 ,3 million hectares, and each year the 
demand for forest products increases,'* 
l>j,stnbntion is a key factor. Although 
there is an abund^ince of fuelwood in Si- 
beria, it might as -/ell be on the moon as 
far as Ethiopian villagers are concerned 
because the wsi of transporting fire- 
wood totig distances is prohibitive, 

A newly ^recognized threat to the 
world's forests* particularly those in the 
northern tier of industrial countrieSt is 
acid rain^ Poland, Czechoslovakia* East 



and West Cermany> and the United 
States are the countries most obviouslv 
affected. One-third of West Cenpany's 
forests show signs of damage, and some' 
500 000 hectares of forests in Czecho- 
slovakia are dead or detenorating. In 
North America there are also signs that 
trees are dying and that forest productiv- 
ity is declining as a result of growing soil 
acidity. One of the disturi>ing character- 
istics of this fore,stdieback is that by the 
time the problem becomes evident it 
may he too late to save the trees,*^ 

In many areas grasslands are disap- 
pearing under fhe weight of excessive 
numbers ofc^^ttle* sheep, and goatskin 
the United States the Council on Envi- 
ronmental Quality reported that one- 
third of U^, rangeland (excluding 
Alaska) was in fair condition and one- 
third in po<jr,*' Long evident in the Mid- 
dle East and North Africa, the excessive 
pressures are spreading to Africa south 
of the Sahara, to the Indian subconti- 
nentt and to China* Australia, and Mex-^ 
ico. Desertification, the word that de- 
scribes the conversion of productive 
ranchland into desert, has become pari 
of the international lexicon. 

Between 1950 and 1976 the world's 
gr;tsslands sustained a doubling of beef 
^ou ^puti but since then there has been nc 
growth' at all. With overgrazing now 
commonplace, the world's herders, 
TarmerSt and ranchers are no longer able 
to e3cpand their herds apace with world 
population. The result has been a steady 
decline in' the world's per capita beef 
consumption since 1976 and stagnation 
in this subsector of the world agricul- 
tural economy,** 

Fisheries* too* are under excessive 
pressure. The world itsh catch> which 
had tripled between 1950 and 1970, has 
increased lit tie since then. Its annual rate 
of increase fell from nearly 6 percent tn 
1950-70 to less than 1 percent. The 
catch from some of the leading fisheries 
in the North Atlantic peaked In the late 
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sixties and oarly scvcnlics and is n/>w 
only a fraction of what n was 15 years 
ago. Even recently exploited fisheries, 
such as those in the Gulf of Thailand, 
havt' reached their limits and begun w 
decline in the face of the growing world 
demand for protein.*^ 

In the eyes of some scientists, the loss 
of genetic diversity as plant and animal 
s|>ecie5 disappear is the principal threat 
to a sustainable society. At the broadest 
level this consists of the loss of many 
species of plants and animals as habitats 
are destroyed. Clearing tropical forests, 
with their richness of flora and fauna, 
can eliminate countless uncatalogued 
siK'cies that have yc't ;o be evaluated for 
their potential commercial value. Once 
again, mounting economic demands are 
leading directly io a resource detenora- 
tion that adversely affects the economic 
prospect, in this case by reducing the 
potential for new discoveries and for 
commercial innovations based on those 
discover!^.** 



Energy-Related 
Structural Adjustments 

Aside from its adverse effect on eco- 
nomic growth, the severalfold increase 
lit the price of oil during the seventies 
contributed to a massive redistribution 
of wealth from oil-importing countries 
to those that export petroleum. A few 
industrial councries — the United King* 
domi Norway, and the Soviet Union — 
have benefited from higher oil prices. 
But it has been the members of the Or- 
ganization of Petroleum Exporting 
Countries (OPEC) and Mexico. a{{ of 
which were preindustrial societies, that 
gained most from the dramatic shift in 
the terms of trade between oil and other 
products. 



(n) 

The dimensions of this shift are per- 
haps best illustrated by the change in the 
relative prices of grain atid oil, both 
widely traded commodities. Between 
1950 and 19^3 a btishel of wheat could 
be traded foi a barrel of oil (See Table 
1-5,) 'ITienas the price of oil jumped, the 
relationship began to shift. By 1977. it 
took 4.4 bushels of wheat to buy a barrel 
of oil; in 1982. it took nearly 8. For the 
United States, which paid much of its 
mounting oil bill with farm products> 
this shift in the terms of trade stimulated 
ati enormous expansion of agricultural 
exports. 



Table The Intem«tion«t Terms of 
Trmde Between Wheat and Oil, 19$0-85 









Amount ol 




World Price 


Wheat 1 0 




Bushel 


Barnrl 


Buy a Barrel 


Year 


of Wheat 


of Oil 


of Oil 




(dollars) 


(bushels) 


1950 


1.91 


K71 


0.9 


1955 


1.77 


1.93 


1.1 


1960 


L58 


1.50 


1.0 


1965 


1.62 


1.33 


0.8 


1970 


l.$0 


1.30 


0.9 


1971 


1.68 


1.65 


1,0 


1972 


1.90 


1.90 


1.0 


1973 


S.81 


2.70 


0.7 


1974 


4.90 


9.76 


2.0 


1975 


4.06 


10.72 


2.6 


1976 


3.62 


11.51 


3.2 


1977 


2.81 


12.40 


4.4 


1978 


3.48 


12.70 


3.6 


1979 




If 97 


3.9 


1980 


4.70 


28.67 


6.1 


1981 ' 


4.76 


32.50 


6.8 


1982 


4.36 


33.47 


7.7 


1983 


. 4.35 


28.50 


6.6 



soi^HTCES: International Monetary Fund. Afonthfy Ft' 
nanftnt StnitsUrs 1980 Ymrhook (Waihtngton. D.C.: 
IdSO) and i98) Yearbook (Wa&hington. D C.: 
1983). 
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l ilt* samt* w;>s Hut* for t>0K*r t'ouittrit*s 
paying for oti with *dgrit'ultural com- 
modities such as tca> coffee, or sugar. 
During the early seventies, when a barrel 
of oil was still priced at $3, it t'ould he 
pttrchased with 4 pounds of tea; in 1985. 
over 30 pounds were required. For 
coffee, if * term* of trade went from 4 
pounds ni the early seventies to 22 
pounds in 1983, With sugar, the most 
widely exportt*d farm commodity in the 
'lliird World, tlie "sugar price'* ofa bar- 
rel of oil went from just over 30 to nearly 
9,00 pounds during the same period. 

In a seusei the terms-of-trade gain for 
tlie oil-exponing countries is a desirable 
lesuli of the rise in price associated with 
the rapid depletion of an important non- 
renewiihle resource. Unfortunately, the 
resttttittg rt*distribution of wealth was 
not only from industrial to preindustrial 
socit*tit*!( bttt also from preindttstrial so- 
cieties that did not have oil to those that 
did. By any measurement, the handful of 
countries that had oil to sell greatly in- 
crt*ased their sliee of the global eco- 
nomic pie. It was their short-term re- 
ward for sharing a nonrenewable' 
resouree with the rt*st of the world. 

The OPEC increase in the price of oil , 
launelted the transition to alternative en- 
erg)' sources, a shift that is restructuring 
(he global economy. Some sectors are 
shrinkinj;; others are expanding rapidly, 
just its the shift from coal to oil re5ltaped , 
tite eco|^omic system during the first 
thrt*c-quarters of this centuryi the shift 
from oA to alternatives will bring pro- 
found changes in thr decades ahead. 

One of the industries most immedi- 
ately affected by the oil downturn was 
shippings whose tanker fleets carry the 
oil to the consurning countries. The in- 
trodtiction of more-efficient supertank- 
ers that sparked a shipbuilding boom in 
the late sixtv , arril seventies also led to 
enormous growth in tatffurr tonnage at a 
ume when production of oil was on the 
^rink of titrning downward. Although 



the fall in oil production wjls abnipt an i 
swift, oil exports fell even faster. Within 
a few years after being lauilched, some of 
the supertankers were 'iaiwanese 
shipyards being cut up fo,^ sciap meial. 
Vast amounts of capital* 5ttW, anil en- 
ergy had been wasted builuing sh;pptng 
capacity that would never be usc*^,*'* 

Paralleling the decline in oil produc- 
tion was a fall in refining. Excess capacity 
resulted not only from the fall in output 
but also from the continued construc- 
tion of new refineries in otl-exporting 
t'ouniries, which sought to maximize 
their income by felling less crude oil and 
more refined products. In 1982 alone, 
67 refineries in the United States and 15 
in Europe were closed completely; many 
others operated at less than full capac- 
ity,*fi 

,As mentioned earlier, outside the oil 
industry itself the greatest adjustments 
occurred in the automobile industry. 
Nearly one-third of the 780,000 automo- 
bile workers in the United States were 
unemployed by 1980, Both the number 
of autos produced and thetr design were 
changing. Even as production started to 
fail, the reins of industry leadership were 
shifting from the United States tojapan, 
where higher quality* more-fuel-efficient 
cars were rolling off the assembly lines. 
In 1980, for the first time since automo- 
bile production began, the United States 
lost its leadership position to Japan, 
which produced 7 million cars compared 
with 6,3 million in the United States,*^ 

As world automobile production fell, 
so did the number of automobile deal- 
ers. In the United States, still by far the 
woridls largest <tutomobile market, some 
2.500 dealers closed their doors during 
the -two years after the oil price hike of 
1979, And service stations also feh the 
crunch. As gasoline consumption in the 
United States fell some 13 percent from 
its peak in the late seventies, the number 
of service stations r*eededto handle this 
gasohne also declined,** 
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rUc corollary oi ihvsc sUtiukiiii; st'c- 
lors of ihc cconom> has been the expan- 
sion of other tndustric^s as the price of oti 
climbed, EneiT;y conservation has be- 
come a business m its own right: ^I he 
retrofitting of botti residential and tmsi- 
ness smiaurc^ in the norttieniinditstnal 
countries has prc^vided milhons of jobs, 
llie production and expi>rl of sotar 
water heaters has also become a major 
acuv ity in several uidustrial countries. In 
Cahfornia, the sale of solar equipment 
reached $400 miUion ui [i)82. The 
search for alternative sources of etiergy 
in Brazil has led to a sugarcane-ied alco- 
hol fuel distillen .sector. For the first 
time in the moderti era bicycle sales ex- 
ceeded those of ant otno biles m key in- 
dustrial coLuitries such as the United 
States, the United Kingdom, West Oer- 
nuinv, and Japan,^* 

As the advantages of recycling scrap 
paper, aluminnni. and iron and sieel 
have become clear a thriving interna- 
tional trade in scrap has developed. 
Sotuh Korea and Mexico, for example, 
gel half their paper from recychng scrap, 
nntfh ofil imported. The highly compet- 
itive electric arc stee! mills tiow being 
buih in some industrial countries and 
several developing ones rely almost en- 
tireh on scrap metal rather than virgin 
ore. Worldwide, a vigorous aluminum 
recycling industrv has begun to evolve 
since the oil price increases of the seven- 
ties,»<> 

Dramatic though the falls have been in 
some economic activities and in.pressive 
though the gains have been in others 
since ttie niid-seventies» the adjustments 
have only just begun. In a great many 
fields, such as renewable etiergy devel- 
opment, vast growtli lies ahead. At this 
pcnnt the <.TouonLic otttlines of a sustain- 
able society are only barely visible, 

Tlie long-term shift from oil to renew- 
ables is leading to a geographic rc^tntc- 
turing of global economic act, .ty, .V)me 
industries are moving toward geollV^- 



mal tields in the Philippines and New 
Zealand and others are relocating near 
heavily forested areas or those that are 
rtch in sunlight. That this process is pro- 
ceeding most rapidly in the aluminum 
industry is not surprising, given the en- 
erg) intensity of aluminum production. 
Companies are particularly attracted to 
cheap hydroelectririty in sparsely popu- 
lated regions that are acce*>sible by 
water, Promii.tnt among the relocation 
sites are the Brazilian Amazon, Sumatra^ 
and remote Canadian locations such as 
Goose Bay> Labrador. Within the Soviet 
Union aluminum production is shifting 
to Siberia, where there is an abundance 
of hydropower but few people, 

Perhaps the most extreme early exam- 
ple of the shift of production facilities 
across national borders is the migration 
of aluminum smelters from industrial 
countries to the Brazilian Amazon. In- 
vesttnents in this industry to exploit the 
enormous hydroelectric potential of the 
Amazonian Basin have come from Bra- 
zilian firms as we)) as those based in Can- 
ada, Italy, Japan, the Netherlands, the 
United States, and West Germany. In 
contrast to the situation in many indus- 
trial countries, where aluminum produc- 
tion is falling as plants are closed, Bra- 
ztr*> aluminum output is expanding and 
appears likely to continue to do so as 
investment plans materialize.^* Al- 
though the gradual relocation of the in- 
ternational aluminum industry to sites 
where cheaper renewable power sources 
are available will be costlyi exploiting re- 
newable energy resources for such pur- 
poses may be essential to the evoltition 
of a sustainable economic system. 

Living Beyond Our Means 

As this overview of global ecologic and 
economic conditions indicates^ we are 
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living beyond our moam. largely by bor- 
rowing against the fuiure* In addition lo 
the widely recognized deficit financing 
praciiced by govemmenis in an effbn lo 
maim am short-term consumption levels, 
the world is engaging in wholesale h'^o- 
logical and agronomic deceit financing* 
As the demand for [> K>duct3 of the 
basic biological systems — grasslands, 
forests, and fisheries — has exceeded 
their sustainable yield> the productive 
resource bases themselves are being 
consumed. In economic terms, the world 
is beginning to consume its capital along 
with the interest. With biological sys- 
tems* as with income-earning endow- 
ments, tilts is possible only in the short 
run. 

In addition to the decimation of Third 
World forests for firewood and for tim* 
ber exports described earlier* the de* 
struction of forests by acid rain and air 
pollution in the northern tier of indus- 
trial countries is another manifestation 
of living beyond our means. The failure 
to invest enough in emission controls for 
coal-burning power plants in Poland. 
CzcchoslovaJ;ia. West Germany, and the 
United States is helping keep electricity 
costs down but is also destroying forests. 
In effect* society is getting cheaper elec- 
, tricity in the short run by sacrificing for- 
ests over the long run. 

With world fisheries there are innu- 
merable examples of biological deficit 
financing. One of the most dramatic was 
the Peruvian anchovy fishery. A study 
undertaken by U.N. Food and Agricul* 
ture Organization marine biologists in 
1970 indicated that the highest yield this 
fishery could sustain was 9.5 million tons 
per year. The Peruvian Government* 
eager to maximize the immediate return 
rather than the sustainable yield* permit- 
ted the catch to approach 13 mitlicn tons 
per year in the early seventies. The pre- 
I dictable result was the collapse of the 
fishery. The catch dropped to less than 3 
million tons per year^ where it remains 



today. Although shifts in the Humboldt 
Current may also have affected the an- 
chovy fishery » there can be little question 
that overfishing contributed to its col- 
lapse. Ti<* deri^sion to maximize the 
short-term yield has cost Peru heavily in 
long-term income Jobs, and foreign ex- 
change.** 



The world is engaging in wholesale 
biological and agronomic deficit 
financing. 



The adoption of agricultural practices 
that lead <o excessive soil erosion is per* 
haps the most widespread example of 
livmg beyond our means. This mounting 
agronomic deficit is a result of efforts to ' 
extract more and more food froni the 
land with increasingly intensive methods 
ofcuhivation. In many countries the loss 
of productive topsoil has contributed to 
growing food deficits. 

Economists convert reported trends 
in the value of output into real output by 
deflating the numbers to eliminate the 
effects of inflation. A simitar technique is 
now needed in agriculture* where cur- 
rent production is inflated by the use of 
practices that cannot be sustained. In the 
United States* for example* soil scien- 
tists estimate that 17 million of the 
roughly 350 million acres in crops are 
eroding so rapidly that they should be 
withdrawn from production immediately 
and planted to grass or trees to avoid 
losing their productive capacity en- 
tirely.** Other land that is now planted 
continuously to row crops can be kept in 
cultivation over the long term only if it is 
converted to rotation cropping* alternat- 
ing com or soybeans with, for example* 
grass or hay. If ctirrent U,S, agricultural 
output were adjusted for these factors* 
then we would know better what our 
**real** or sustainable output is. 
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Similarly, where water mvd (iM irriga- 
tion leads to a declimng waler table or 
the exhaustion of an underground 
aquifer, an alternative series of agricul- 
tural output data should be developed 
that would indicate the sustainable out- 
put. In the U.S. southern plains, for ex- 
ample, much irrigation comes from the 
Ogallala aquifen an essentially nonre- 
chargeable water resource. The increase 
in output that was associated with the 
conversion from dryland to irrigated 
farming in this area is a boost that will 
last for only a lew decades. Indeed, the 
reconversion to dryland farming has al- 
ready begun in parts of Colorado* Kan- 
saSr and Texas. 

In addition to these biological and 
agronomic deficitSi the early eighties has 
witnessed enormous increase in debt> 
both public and private. Underlying the 
apparent vitality of U,S. agriculture, for 
example, is a soaring debt.burden. Be- 
tween 1977 and 1983 U.S.. farm debt in- 
creased from $100 billion to $215 bil- 
lion. This compares with annual net 
farm income during the early eighties of 
some $22 billion per year.** The in* 
crease >n debt is largely the result of 
farmers borrowing against inflated land 
values. As land prices soared from the 
early seventies through 1980, farmers 
trapped by the cost'price squeeze bor* 
rowed more and more money. But as 
land prices turned downward after 1980 
more farmers have been threatened with 
foreclosure than at any time since the 
Great Depression. 



The OeBT Overhang 

Perhaps the principal economic manifes- 
tations of our inability to live within our 
means are soaring national fiscal deficits 
and foreign debts. In too many coun* 
tries, national political leaders have 



failed to adjust population and eco- 
nomic policies to the changing resource 
situation and instead have engaged in 
deficit financing to maintain consump^ 
tion levels. Nowhere is this more evident 
than in the United States, where tlie Rea- 
gan administration's budget deficits, ac* 
tual and projected, for 1981 through 
1985 Will increase the federal debt by an 
estimated $692 billion, raising it from 
$914 billion to $1,606 billion. The Rea< 
gan deficits will closely approach those 
of all previous administrations com- 
bined. (SeeTabie 1-6.) Over this period 
every man. woman» and child in the 
United States will have incurred an aver- 
age of $2»800 in additional public debt — 
$ 1 1 .200 fr r a family of four.** Not only 
has the Unnd States mortgaged its fu- 

Tiblc 1*6. United 5ut«§: Grotf Federal 
D«bt* Total and Per Pcrfon, |95<>>-84 





Gross 




Debt 




Federal 


Annual 


Per 


Year 


Debt 


increment 


Person 




(billion dollars) 


(dollars) 


1950 


257 




1,691 


1960 


291 




i.616 


1970 


383 




1.875 


1971 


419 


27 


1.980 


1972 


43V 


27 


2.089 


1973 


468 


31 


2.216 


1974 


486 


18 


2.279 


1975 


5« 


58 


2.525 


1976 


632 


88 


2.904 


1977 


709 


77 


3.226 


1978 


780 


71 


3,514 


1979 


834 


54 


3.712 


1980 


9>4 


80 


4.024 


1981 


1.004 


90 


4.378 




1,147 


143 


4.955 


1983 


1,384 


237 


5,921 


1984 


lv606 


222 


6.827 



souitci^s: Utonomr Report cf tht Prtstdent and Stai^sU* 
ton. D.C.; U.S. Government Priming Office* 19S3). 
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ture. but tins liugt- nattotial debt now 
hangs like a dark doud ovct the world 
economy» sure to push interest rates up 
in world capital markets for years to 
conic. 

Aggravated hy the record real interest 
rates in the United States iiHatc 1982 
and 1983. external debt has continued 
to expand throughoot the Third World. 
Indeed, of all the economic problems 
ficing the world in the mid-eighties.' 
hone seems quite so intractable as the 
management of huge external debts in 
the "lliird World and Eastern Europe. By 
the end of 1983. developing countries 
Owed some $700 biUion. "Jlie hard cur- 
rency debt of the East European coun- 
tries, excluding their ruble debt to the 
Soviet Union* was $53 billion. Together, 
these two groups owed three-quaners of 
a trillion dqllars,*' 

Several converging forces cotitribtited 
to the record debt lewis. Hie 1973 oil 
price adjustment led to a modest in- 
crease in borrowing by many oil-itnport- 
ifig countries. For most oil-deficient 
countries, however, it was not until 1979 
that the debt load began its steep climb. 
Close on the heels of this came high in- 
terest rates that sharply boosted the cost 
of debt servicing. At the same time the 
prolonged global economic sloWown of 
198(M3 reduced the volume of Third 
World commodity exports atid in most 
cases their prices as well a combination 
that sharply reduced export earnings. 

The precise contribution of these 
sources of debt growth varied by individ- 
ual countries. In someAhe depletion of 
key resources reduced export earnings 
or raised import needs. For many Third 
World countries* the loss of topsoil con- 
tributed to the rising demand for food 
imports. Exporters of tropical hard- 
wood, such as the Philippines, Thailand, 
and Nigeria, are lo^ng this valuable 
source of foreign exchange as wood har- 
vesting exceeds the sustainable yield of 
their forests. Indeed, Nigeria has be* 



conic a net importer of forest products, 
importing some $221-million worth in 
1981 .^^ Livestock herds are dwindling in 
so^je African countries as grasslands de^ 
teriorate. depriving them of a traditional 
source of export earnings. For these 
countries, and others such as Peru, with 
its heavy loss of fish meal exports, the 
mismanagement of biological systems 
contributed to a trade deficit. Resource 
depletion — whether boosting the price 
of oil imports^ increasing the need for 
food imports, or depriving borrowing 
countries of raw material exports — 
figures prominently in the worsening 
debt situation. 

Some oil-exporting countries also 
found themselves in a fmancially precari- 
ous position. Given the extremely low 
real interest rates during the high tnfla- 
lion years of 1979 and 1980*'borrowing 
seemed attractive to these apparently 
credit-worthy governments. What was 
not foreseen was the extent the demand 
for petroleum would weaken as a restilt 
of both conservation in importing coun- 
tries and the worldwide slowing of eco- 
nomic growth. The failure to anticipate 
the drop in exports and oil prices led to 
serious mtscalc-ulations in oil-exporting 
countries such as Mexico^ Nigeria, and 
Venezuela. 

The difftcuhy of managing these 
mounting external debts can be seen in 
the relationship between the cost of debt 
servicing and exports. Half to two-thirds 
of all export earnings are now rec}uired 
merely to pay interest on foreign debt in 
Argentina* Brazil* Chile* Mexico* the 
Phitipptnes* and Turkey. For the Third 
World generally, one-fourth of export 
earnings are claimed for this purpose. In 
many countries; debt servicing require- 
ments are so large that little foreign ex* 
change remains to import essential com* 
modtties such as oil. food* and industrial 
machinery and parts. (See Table 1-7,) 

Because the debt problem threatens 
the viability of banks in the major indus* 
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Xsbtc 1>7* IntcfCit Psymcttts on Cxtcnuil Debt in Rdstion to Export Hsrnin^s 
of M^jor Debtor Cotintries» I98S 

Share 

Total Estimated of Export 
I'ixtern;!] Export Earnings (o 
Country IVbt Earnings Pay Interest' 




(billif}n dollars) 


(percent) 


Bras^ii 




17,3 


B4 
\jt 


Mcxu'o 


86.6 


22.2 


47 




40.3 


19,4 


25 


All^ctiUna 


38,5 


9.2 


50 


Vene/.uda 


3i,r> 


)2,9 


29 


Indonesia 


28.8 


16.8 


21 


Poland 


27,0 


10,2 


31 


Turkey 


23.6 


5.2 


54 


Philippic , 


22,7 


5,7 


47 


Yugoslavia 


20.0 


10,3 


'iS 


Chile 


. 18.7 


4.1 


54 


'ITiailand 


13,5 


8,4 


19 


Peru 


12.3 


3.7 


41 


Malaysia 


11,3 


12,4 


11 


Taiwafi 


8.5 


27.5 


4 


Ecuador 


7.1 


2,1 


38 



'Assumes micrcsi tmc oft2 percent, cotatdcbt service* ineluding principal repayment, is ofcoursc 
much 'larger. 

^ork/:t;S: Morgan Gtiarantv Trti^t Company and tnternational Monetary Fund, 



trial countries, ii has grabbed the atten^ 
tion of leaders in the industrial world as 
few other Third World economic prob- 
lems ever have. For example, in many 
instances outstanding loans by major 
U,S, banks to debi-burdened Third 
World countries exceed these banks' 
capital assets,*^ 

Ifa wavt* ofdefaults were to engulfthe 
third World and somt. of their loans 
were to go bad, U,S, banks would face 
collapse utiless rescued by Washington, 
At a minimum, the inability of debtors to 
repay the principal will reduce capital 
available from major banks for new loans 
in industrial countries. 

In the preface to its Wdrld Deb Tables, 
published in 1983. the World Bank ob- 
serves that **the resolution of these diffi- 
culties lies in a restoration of economic 
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health to the global economy and a re- 
sumption of strong growth in interna-^ 
tional trade,"' Other analysts* including 
those at the International Monetary 
Fund and the Institute for International- 
Economics, make the same point* in- 
dicating that the debtor developing 
countries and those in Eastern Europe 
can work their way out from under the 
debt load with a return to a more tradi- 
tional rate of growth in the world econ- 
omy and in world trade 

At issue is whether a rapid rate of 
global economic growth can be sus- 
tained. Since 1979 the world economy 
h^s expanded at an average of 1.7 per<^ 
cent per year, exactly the same as popu* 
lation growth. This means that on aver- 
age there has been no increase in world 
output per person. Some countries* of 
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course, have registered continuing gains 
in per capita income, which means that 
others have experienced declines. 

As discussed earlier, the depletion of ^ 
natural capital, particularly oil^ has 
slowed world economic growth. {See 
Table ^-8.) When oil was priced at $2 a 
barrelf the world economy f^rew at an " 
exceptional 5 percent per yean or 
roughly $ percent faster than popula- 
tion^ allowing for substantial gains in per 
capita income. From 1973 to 1979» when 
the price of oil averaged $ 1 2 a barrel^ the 
rate of economic growth dropped to 3.5 
percent* roughly double the rate of pop- 
ulation growth. But since 1979* when 
the price ofoil has averaged $3! per bar- 
rel and when other resource constraints 
on growth have intensified, the world 
economy has barely kept pace with pop- 
ulation growth. 

Given the likely continuation of high 
oil prices and the growing influence on 
Ion g-term growth of numerous other in- 
hibitors such as topsoil loss, freshwater 
scarciiy* grassland deterioration, defor- 
estation* and militarization of the world 
economy, long-temi world economic 
growth may not substantially exceed 2 
percent a year. This certainly would not 
be enough to help Third World coun- 
tries work their way out of debt. And* 
given this growth prospect, the eco- 
nomic climate is unlikely to encourage 
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commercial banks to continually add to 
the current outstanding debt of the 
Third World and Eastern Europe. 

Nor is future growth in international 
trade likely to be rapid. According to the 
Intern (Cional Monetary Fund* the value 
of world exports peaked at $1^868 bil- 
lion in 1980 and fell to roughly $1,650 
billion in 1983* a decline of nearly 12 
percen" (See Figure 1-1.) The General 
Agreenjcnt on Tariffs and Trade, mea- 
suring aie volume of trade* shows only a 
negligible decline in trade for this pe* 
nod. But measured by value or volume, 
there has been no growth in world ex- 
ports thus far during the eighties.^! 

Several factors are restricting world 
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Annual Crowih 



Period 


Oil Price 
Per Barrel 


Cross 
World Product 


Population 


Gross World 

Produa 
Per Person 




{dollars) 




(percent) 




1950-73 


2 


5,0 


1.9 


3.1 


1973-79 


12 


3.5 


1.8 


1.7 


197^3 


31 


1.7 


K7 


■ 0.0 



wii prut iiiii.riJdiiu{Mi tnuiivi^i]^ ruitQ, ]jiu» wuriu |jruuui.i qm4 iivm 

Herbert R. Block. Tft/ Ftawtory Produa w 1980 (Washington. I>,C.: VS. Department ofSuie. i9SJ) 
and WorldWatch Insuiuic csumatcs. populauon data arc from Umicd Nauon& and Wortdwatch fnsti^ 
lute estimates. 
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trade during the early I'igltties, such as 
the ecotiomtc slowdown and severe im- 
port restrictions in debtor countries that 
are struggling to ijnprove their trade bal- 
iiucc. In addition, the slower global eco- 
nornic growth has led many countries to 
attempt to protect domestic employ- 
ment and production by adopting pro- 
tectionist trade measures. But over the 
long term it is the declining rde ofoi) in 
the world econotny that will constrain 
growth in trade. Oil. the engine of 
growth in world trade for a, generation, 
is no longer spurring trade expansion as 
it once did. The 14 percent fall in u-orld 
oil consumption since 1979 was ex- 
ceeded by an even greater decline in oil 
trade, since importing countries cut con- 
sumption more than oil-expurting coun- 
tries did.^^ Although the declining de- 
pendence on oil lowers trade, levels, it 
stems from more-efficient ^i^d the 
shift 10 sustainable energy sources, both 
ofwhich contribute to economic sustain- 
ability. 

As the curtain slowly descends on the 
age of oil. investments in more energy- 
efficient technologies, in other Tossil 
fuels, and in renewable energy resources 
are expanding. Of these, only the fossil 
fuels* coal and gas. are traded and they 
are not as easily orwidely transported as 
oil. As the world shifts to conservation 
and renewable resources— whether 
wood, hydropower, wind energy, geo- 
tltermal energy, or any of the many oth- 
ers—energy production will become 
more localized. As energy production is 



such a large sector, the localization of 
energy production will contribute to the 
overall localization of economic activity. 

In combination, these new influences 
on world trade suggest it maybe unreal- 
istic to expect it to resume the growth 
that prevailed prior to 1979. If this is 
tlue, something more imaginative tWn 
the existing :'muddle through'' ap- 
proach is needed if the world is to avoid 
a decade of economic stagnation. Even 
worse, a continuation of the "muddle 
through'* approach could lead the world 
into an unmanageable economic crisis. 
To break out of this mold will require 
leadership — leadership that will almost 
certainly have to come from the United 
States and the International Monetary 
Fund, Unfonunately, the U,S. Govern- 
ment, with its vast budget deficits, is con- 
tributing to the crisis rather than ameli-^ 
orating it. 

Better understanding of the origins of 
the current economic crisis is the key to 
formulating workable policies, Fortu-^ 
nately there is a growing awareness that 
conventional economic policies are no 
longer working and that many of our 
economic difficulties are rooted in the 
depletion of the resource base. This 
heightened ' awareness is necessary, 
though not sufficient, for the formula- 
tion of national population and eco- 
nomic policies that will put the world on 
a sustainable development path, one 
that will restore a broad-based improve- 
ment in the human condition. 
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Stabilizing Fbpulation 

Lester R. Brown 



Progress at haltirig world population 
growtli has been extraordinarily uneven 
during the last decade. Some countries 
have been highly successful* others com- 
plete failures. Some have reached zero 
population growih wiihoui trying. At 
one end of the spectrum are several 
European countries that have comp- 
leted the demographic transition and 
whose population growth has ceased. 
At the other end are some 34 Third 
World countries whose populations are 
expanding at 3 percent or more annu- 
ally.' 

Assessing national population policies 
is complicated by the changing criteria 
of success. Until recently, progress was 
defined simply in terms of slowing popu<- 
lation growth* so as to widen the margin 
of economic growth over that of popula- 
tion. During the seventies, however, the 
inadequacy of this goat became evident. 
Forests were shrinking, grasslands 
deteriorating, and soils eroding. Biolog- 
ical thresholds of sustainable yield were 
crossed in scores of countries^ When a 
biological system is being taxed, even a 
modest increase in human numbers can 
be destructive. Failing to halt population 
growth before such a critical threshold is 
crossed leads to food shortages, fuel 



scarcities, and a declining standard of 
iiving. 

The relationship between population 
and economic growth is also changing. 
When the world economy was expand- 
ing at 4 percent or more per year, the 
average rate of national economic 
growth was well above that of even the 
most rapidly expanding population. But 
the much slower economic growth of the 
eighties means national rates are begin- 
ning to fall below population growth in 
many of the countries with high birth 
rates. The failure of these governments 
to introduce effective population poli- 
cies is leading to a broad-based decline 
in living standards. In these circum- 
stances rapid population growth does 
not merely slow improvements in in- 
come* it precludes them. 



Population Arithmetic 

Over the past decade many people con- 
cerned about rapid population growth 
have cited with some relief the gradual 
decline in the growth rate. Peaking at 
something lilcc 1.9 percent around 1970, 
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* annual growth in world pcipulaticm de- 
clined to L7 percent in 1983, Although 
this is encouraging* the rate is not falling 
faM enough to reduce the number of 
people added each year In 1970 world 
population increased by 70 million; in 
1983 the addition was 79 million * By the 
criterion of sheer numbers* the world- 
wide eflfort to get the brakes on popula- 
tion growth is falling short. 

ITiere are few areas of public policy in 
which a lack of understanding of basic 
arithmetic has hindered effective policy- 
making as much as it |)as in population. 
Few national political leaders seem to 
imderiitand what an annual population 
growth of 3 percent, relatively innocu- 
ous in the near term. wjII lead to over a 
century. Political leader;; and economic 
planners often think of a 3 percent 
growth rate as simply three time^ as 
much as a 1 percent rate, /Mtltough this 
)S true for one year* it is not true over the 
longer term, as the rates compound, A 
population growing 1 percent annually 
will not even triple in a century, but one 
growing 3 percent annually will increase 
nineteenfold, (See Table 2-1-) 

Stopping worVJ population growth re- 
quires bringing the number of births and 
deaths roughly into balance, as they al- 
ready are in several countries. How far 
the world has to go in this task can be 
KOen in the data for 1085. when an es- 
timated ISI million births and 52 mil- 
lion deaths yielded the net increase of 
some 79 million, A clearer idea of titc 



Table 2-K R€lat]on5fiip of Population 


Growth Per Year and Per Century 
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3 





Popnlatton i2i} 

dynamic;; of thi.s growth can be gained 
from analyzing the annual additions of 
various countries. Leading the list js 
India* where there are now over 15 mil- 
lion more births than deaths each year 
^ {See Table 2-2,) China, which reached 
the (>ne>iUion matk in 1981, adds 13,3 
million! people annually* fewer than 
India because of its much lower growth 
rate, Together, these two demographic 
giants account for over one-third of the 
earth*s new, inhabitants each yean The 
five leading national contributors to 
world population growth — these two, 
plus Brazil, Bangladesh, and Nigeria — 
constitute nearly half the 79 million an- 
nual increment. 

Many relatively small Third World 
countries have an astounding number of 
new citizens to feed, clothe, and shelter 
each vear because their growth rates are 
so high, Nigeria^ for example, has 84 
iitillioii people, less than one^hird as 
many as the Soviet Union; yet each year 
there are 2,8 million more Nigerians, 
compared with 2,2 million more Soviets. 
In the Western Hemisphere, the U.S, 
population is four times that of Mexico*s 
but the latter grows by nearly 2 million 
people a year whereas the U,S' natural 
increase is 1,6 million.'^A similar situa- 
uon exists m Asia: Burma, with only one- 
dtird the population of Japan, adds more 
people eaih year. 



Countries with Zero 
Population Growth 

The ftrst country in the modern era to 
bring births and deaths into equilibrium 
was t^ast Germauy» where population 
growth came to a halt in 1969. It was 
closely followed by West Germany, 
wliof^e population stopped growing in 
1972, During the decade since^ several 
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TMt 2-2. PrincipsI Sources of World Populstion Crowlh, by Country, I9SS 
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^ 09 


Bangladesh 


96.5 


3.1 


2.99 


Nigeria 


84.2 


3.3 


. 2.78 


Pakistan 


95.7 


2.8 


2.68 


Indonesia 


155.0 


i.7 


2.65 


Soviet Union 


272.0 


0.8 


2.18 


Mexico 


75.7 


2.6 


1.97 


United Slates 


234.2 


0.7 


1.64 



soUKcr. Populauon KeriM^noe Bureaui /9^i Populatton Data Sfuet (Wafhmgtoni D.C^ 1963):. 
China'f growlh rate is author'^ cMimatc based on 1982 census by Chinese Govern inent. 



Other countries— mosi recently Iialy. 
Switzerland, and Norway — have Joined 
the ranks of the demographic no-growth 
countries. 



By 1983, there were 12 countries, 
aU in Europe, where births and 
deaths were in equilibrium* 



By 1983 there were 12 copnt ries. all in 
Europe, where binhs and deaths were in 
equilibrium, (See Table 2-3.) For them, 
in contrast to the rest ofthe world* a year 
of zero economic growth does not auto- 
matically lead to a decline in living stan- 
dards. With the exception of East Ger- 
many and Hungary, all are in Wester i 
Europe. They r^ange from tiny Luxem- 
bourg to three of the four largest coun* 
tries in Western Europe-Italy, the 
United Kingdom, and West Germany. 
With ihe recent addition of Switzerland 
to the list. Europe's German ^speaking 
population has stabilized. Together, 
these dozen countries contain some 244 
million people. Ahhough this represents 
only 5.2 percent of the world total, it is 



at least a beginning toward the eventual 
stabilization of world population* a 
prere<)uisite of a sustainable society. 

Population stabilization was not an ex* 
plicit national goal in any of these 12 
countries. Declines in fertility Howed 
from economic gains and social im- 
provements. As incomes rose and as em- 
ployment x>pportunities for women ex- 
panded* coijples chose to have fewer 
children. The improved availability of 
family planning services and the liberalt* 
zation of abortion laws gave couples the 
means to achieve this. Population stabili* 
zation in these countries has been the 
result, therefore, of individual prefer* 
ences. the product of converging eco* 
nomic. social, and demographic forces. 

Several other European countries 
could reestablish equiltbrium between 
births and deaths in a matter of years. 
Among these in Western Europe are 
Finland* France* Greece, the Nether- 
landst Portugal* and Spain. In Eastern 
Europe* Bulgaria and Czechoslovakia 
are soon likely to follow East Germany 
and Hungary along the path of popula- 
tion stabilization. 

Encouraging though it will be when 
these countries reach population stabil* 
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SotJmcE: World watch. Institute estimates* based on data m United Nations* Afortthly ButUttt* ofStattslKu 
New York, monthly. 



tty. major gains in raising the share of 
people in the world who live in a similar 
situation awaits further fertility declines 
in the three largest industrial countries 
—Japan, the Soviet Union, and the 
United States — which now have annual 
population growth rates of 0,7, 0,8, and 
0,7 percent* respectively. The postwar 
decline in ihe Soviet crude birth rale lev- 
eled off in ihe early seventies, hovering 
around 18 since then. The U,S, birth 
rate* jfter declining rather steadily from 
1957 until the late seventies, picked up 
slightly during the early eighties, Japan's 
birth rate, however, has been falling 
steadily for over a decade and* at 13, is 
now the lowest of these three,* 

With the number of young people en- 
tering their reproductive ^ears now fall- 
ing steadily in both the United States 
and Japan* it is possible to envisage a 
time in the not-too-distant future when 



births and deaths wiil come into balance, 
as they have in so much of Europe, In 
both countries this will be hastened by 
the aging of the population and the con- 
sequent increase in death rates. The sit- 
uation is somewhat less clear for the So- 
viet Union, which has a highly fertile, 
rapidly expanding Asian minority. The 
moderate overall Soviet growth rate em- 
braces both European republics where 
population growth has ceased and Asian 
republics where it <^expands at typical 
Third World rates. Indeed, some of the 
Soviet republics in Asia have higher 
birth rates than some demographically 
progressive states in India,* Overall* 
nevertheless* barring any unexpeaed 
rises in fertility, it is only a'matter of time 
until natural population growth comes 
to a halt in these three countries* since 
each has a net reproductive rate well 
below the replacement rate of 
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Rapid National Fertility 
Declines 

^ llie demographic transition, the shift 
from high mortality and high fertility to 
low rates of both, has historically been a 
slow process, in Western Europe death 
rates and binh rates fell gradually over a 
■few centuries. In countries now in the 
early stages of modemixation, the start 
of the transition has been much faster 
The precipitous decline in mortality of 
roughly a generation ago was often com- 
pressed into a decade or so and usually 
occurred before the decline in fertility 
had begun. This produced record popu* 
lation increases against a backdrop ofin^ 
sufRcienti inequitably distributed re- 
sourcrs> The resuh was historically 
unprecedented growth in human num- 
bers* commonly exceeding 3 percent per 
year. 'Iliese rates underline the urgency 
of completing the last phase of the 
demographic transition — the decline in 
fertility— as rapidly as possible. But re- 
ducing births is a much more complex 
undertaking than reducing deaths. Mor- 
tality rates can be brought down quickly 
^ through public health measures and 
childhood vaccination programs* where- 
as the reduction in binhs requires 
changes in values that must then trans^ 
late into changes in reproduaive behav- 
ior. 

As of the mid-eighties hope on this 
front springs not so much from the 
broad global trends as from the sharp 
reduction in fertility in countries that 
represent a wide cross seaion of cul- 
tures, "religions, and political systems. 
This diversity is evident in the four coun- 
tries in the Western Hemisphere that 
have the lowest cntde birth rates — Cuba 
(14), Canada (15), the Uiited States 
(16), and Barbados (17).^ It would be 
hard to And two national cultures more 
similar than the United States and Can- 
ada* so their similar fertility levels are 



not surprising, but the contrasts be* 
tweeii them and the two Caribbean is* 
land cuhures are striking. 

The four developing countries in Asia, 
on the other hand, that were among the 
first to lower their fcinh rates — Hong 
Kong(17)*Singapore(l^)* Taiwan (23)* 
and South Korea (25) — are rather ho* 
mogenous in that all are predominantly 
Sinitic (Chinese*based qt ^related) cul* 
tures.^ In addition to their common or> 
similar ethnic backgrounds^ alt four ajre 
economically vigorous societies moving 
rapidly along the path to modernization. 
And they all have had well*designed 
family planning programs* with contra-' 
ceptive services widely available, for at 
least a decade and a half 



In 1979 China became the first 
country to launch a one-child fam- 
ily program. 



'Perhaps the most impressive family 
planning achievement in the developing 
world has occurred in China, Family 
planning was periodically caught up in 
the ideological crosscurrents of the Chi- 
nese communist party from 1949 until 
the early seventies, but since that time a 
sustained national effort has been under 
way to reduce binhs. By the mid-seven^ 
ties the Chinese leadership was urging 
all couples to stop at two children* atid in 
1979 China became the first country to 
launch a one^child family program. 

By 1980 China had lowered its crude 
birth rate to 20, an achievement many 
thought impossible in such a large coun^ 
try still at an early stage of economic de- 
velopment. Although the 1982 census 
showed a slightly higher birth rate of 21, 
this does not diminish the success em- 
bodied in China's remarkable reduction 
in fertility from 34 to 20 in only a deca'de. 
This precipitous decline closely parallels 
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that in Japan from 1948 to 1958* when 
ihe binh raie fell 47 perccm, from 34 10 

China's family planning program is 
distinctive in seveial ways. To begin 
with, the national leadersL^ has been 
deeply involved in designing and sup- 
porting the program. More than most 
countries> Chin;x has fostered public dis* 
cussion of the population problem and 
particularly the effect that continuing 
growth has on future living standa^s. 
As population policy was integrated into 
overall economic planning> it led in the 
late seventies to the estafili^hment of 
birth quotas. The overall plan aimed to 
ensure that targets for raising living 
standards were met; couples who had no 
children were given priority in the quota 
allocation. Once births were allocated to 
people at the producti^^n-team levelt 
peer pressure played a important role 
in assuring compliance. To even con^ 
sider such an ambttbus birth control 
progiam requires, of course, the ready 
availability of family planning services, 
including abortion. 

From birth planning it was a relatively 
small step to the provision of economic 
incentives to couples who would agree 
to have only one child. The one-child 
family campaign was not introduced be- 
cause China's leaders were enamored 
with the concept per se, but because the 
btiildup in population pressure leTt few 
alternative/^. Gaining social, acceptance 
of this concept is not easy in a society* 
where large families are traditional and 
where, there is stilt a strong preference 
for sonst particularly in the' countryside 
This unprecedented policy initiative 
puts Chtna one ^'^P ahead of other 
.Third World countries in trying to halt 
population growth. 

On a smaller scale, neighboring Thai- 
land's reduction of fertility has also been 
impressive. Its estimated crude birth 
rate of 26 is not yet as low as China's but 
it apparently started from a higher level 



Table Thailand: Share of Married 
Women Practicing Contracef^ 



Year 


Perceni 


1970 


14 


1975 


37 




50 


L98L 


58 



source: fntemattonat Famtty Ptanntng Fmpefttvii. 
September 1980 and June 



in 1970, Data on annual birth rates are 
not available m Thailand but various 
fertility surveys taken from 197(Xpnward 
have measured contraceptive usage. The 
proportion of married ThaiT'women of 
reproductive age who were using con- 
traceptives -went from 14 percent in 
1970 to nearly 60 percent in 1981t a 
level approaching that in industrial soci* 
eties.* (See Table 2-4.) 

In. 1983t Thailand's birth rate was 26 
— otily one point higher than that of 
South Korea, which launched its famUy 
planning progsram many years earlier. 
Indeedt it was rouglily the same as the 
U.S. rate immediately after World War 
!L Thailatid's achievement is all the 
more laudable because \\% reproductive 
revolution has prCxicdcd wide^pr**;*'! 
economic (levelppment* Central to its 
success is a public education program 
that emphasizes both the economic and 
social advantages of small families and 
the ready availability of contraceptive 
services. Its vipo^v>us family ptanntng 
program is credited with perhaps 80 per- 
cent of the national fertility decline since 
1970. Behind this imaginative program 
is M^cha' Vir^vaidya, the innovative and 
charismatic head of the family planning 
group*' 

Analysts of the Tlia^ fertility decline 
associate the rapid change in reproduce 
tive attitudes and behavior with the high 
degree of social and economic Indepen- 
dence of women. The influence of Bud- 
dhismt which does not restrict con- 
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traception and is not particularly prona- 
talist, may also contribute to the rtrady 
acceptance of family planning. And Bud- 
dhism emphasizes individual responsi- 
bility, which may have created a social 
environment particularly receptive to a 
progressive family planning program. 

One of the most rapid fertility declines 
on recordhasoccurred'in Cuba since the 
mid-sixties. The country's 1983 crude 
birth rate of 14 per 1.000, lower than 
that of the United States, is ail the more 
remarkable becau^^e it was not the resuh 
of a concerted national program to 
lower fertility and curb population 
growth. This recent birth rate decline 
should be seen, however, in historical 
perspective^ since Ciibat along with Uru- 
guay and Argentina, experienced a grad- 
ual decline m birth rates in the early 
decades of the twentieth centuiry. At the 
time of the Castro takeover in 1959 the 
birth rate was 28» already well below 
those of most of LatVi America. 

One of the early actions of the new 
government was to fjegin enforcing the 
rather restrictive abottion law that was 
already on the books. This pushed birth 
rates up sharply, to over 35 in 1963. (See 
Figure 2-1.) In 1964* the interpretation 
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of the restrictive abortion law was 
relaxed and, abetted by widespread so- 
cial gains for women and broad-based 
improvements in health care services* 
the birth rate began a precipitous de- 
cline that continued for the next 16 
years. By 1980 it had falleii to 14, Al- 
though the birth rate had been more 
than halved* the population growth rate 
had Ijeen cut by some two-thirds, to less 
than 1 percent per yearJ^ 

After China, the most populous Third 
World country to reduce its fertility 
sharply is Indonesia* Until the late sixties 
Indonesia was a pronatalist country. Its 
only population program was one of 
transmigration from densely populated- 
Java to the sparsely populated outer is- 
lands. After years of struggling at great 
cost to move Javanese to these territo* ^ 
ries, and discovering that the resettle- 
ment flow was a mere trickle compared 
with the torrent of births^ the Indonesian 
Government shifted its attention to fam- 
ily planning, 

Indonesia's national family planning 
program was launched in 1969. By 1976* 
when the World Fertility Survey con- 
ducted a study there, fertility had fallen 
substantially in some regions~as much 
as 12 perr^-nt in West Java to 34 percent 
in BaU, Indonesia's family planning pro- 
g^am has been distinguished by strong 
government support and a highly ac- 
claimed local approach that goes far be- 
yond the more traditional clinic system. 
The direct involvement of the local vil- 
lage leaders as motivators, field workers, 
and even contraceptive distributors has 
been central to the program's success*' 
By 1983 Indonesia's birth rate had fallen 
to 32 and its population growth rate was 
reportedly 1,7 percent per year, well 
below the nearly 3 percent that existed 
before the program began, 

Another Latin American country— 
Mexico— is the site of one of the most 
recent fertility reductions in a major 
Third World country. Prior to 1972 the 
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oninal Mc'XKun )>(>Ii( y wiis like In- 
donesia's — ihc more people ihe beiier 
^^e^idenI Ecbeverria's announcement in 
1972 ihai Mexico would launch a family 
planning program rame as a surprise. At 
that time Mexico's cnide birAi rate was 
44andu,s overall popniation growth rate 
was 3,5 percent annually— oite of the 
highest in the worid. Within a decade the 
birth rate dropped to 32, Combined with 
a death rate of 7. this still resulted in a 
population growth rate of 2,5 percent, 
wliich was far too rapid. And there are 
remote rural areas where family plan- 
ning ser\'ices are not yet available. 
Nonellie^ess the progress of a decade in- 
dicates that Mexico ha,s at least set the 
^tage lor a continuing decline in fertility, 
'I1ie challenge now will be limiting births^ 
(wer the rest of this century among the 
enormous number of young people en- 
tering their reproductive years a,s a re- 
sult of the extraordinarily high birth late 
before the mid-seventies,'^ 

The countries that have achieved 
npid national fertility decline.s repre- 
sent a wide variety of cultures. The com- 
mon denominators are a committed 
leadership and locally designed pro- 
grams, Experience to date shows a broad 
popular interest in planning families and 
a willingness, in some cases an eager^ 
ness* to take advantage of ser\'ices when 
they become available, Kach country 
desirhig to reduce fertility must of 
course design its own program* one that 
ts responsive to its values* traditions, and 
needs. 



Population Versus 
Economic Growth 

Overall, global economic growth during 
the third quarter of this century was 
more than double that of population. As 
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will be noted in Chapter 3, this growth 
was closely tied to an abundance of 
cheap oil. With the 1973 oil price hike, 
economic growth began to slow. With 
the 1979 increase it slowed further. The 
followiitg four years the world economy 
expanded les,s than 2 percent per year. 
Although these four years are not in 
themselve,s enough to constitute a trend, 
the less fa\x>rable resource conditions 
that contributed to the slower growth 
during this time may also lead to slow 
growth ov^r the long term, 

ITie HW/ Street Journal in a survey of 
European economic analysts at the end 
of 1982* reported that many expect the 
prolonged recession of the early eighties 
to become permanent. In contrast to 
earlier recessions, when recovery trans- 
lated into a 4-6 percent growth rate, the 
Journal noted that these analysts saw 
European recovery from the current re- 
cession in terms of a 1-2 percent rater*^ 

Eor parts of the Third World, pros- 
pects are even grimmer, A 1983 assess- 
ment of Africa's future by the Economic 
Commission for Africa reported that 
**the historical trend scenario is almost a 
nightmare^** It continued: **The poten- 
tial^ population explosion would have 
tremendous repercussions on the re- 
gion's physical resources such as land, 
, , , At the national level, the socio*eco* 
nomic conditions would be character- 
ized hy a degradation of the very essence 
of human dignity, ITie rural population 
, , . will face an almost disastrous situa- 
tion of land scarcity whereby whole fami* 
lies would have to subsist on a mere hec* 
tare of land,*' A World Bank analysis.of 
Africans economic outlook described the 
Commission's assessment as **graphic 
but realistic,'*'* 

Given the emerging constraints on 
growth, particularly in basic sectors such 
as food and energy, the world is going to 
have great difficulty resuming the rapid 
economic growth of the 1 950-73 periods 
Expanding global economic output even 
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by an average oE 2 percent per year may 
tax the skills of economic policymakers. 
Countries with rapid population growth 
may thus face declines in living stan- 
dards-*-unless they quicklv reduce their 
birth rates. 

Slower economic growth will have an 
impact everywhere, E>ut the effect will 
vary widely according to national popu- 
lation growth rates, For West Germany 
or Belgium, which have attained zero 
population growth, a 2 percent rate of 
aimual economic growth will still raise 
incomes 2 percent each year For coun- 
tries such as Kenya and Ecuador^ whose 
numbers expand at more than 3 percent 
per year, a 2 percent economic growth 
rate will produce steady declines in in* 
comes and living standards. 

If an economic growth rate of 2 per- 
cent per year becomes the new norm^ 
then nearly half the world*s people — 
those living in countries with annual 
population growth rates of 2 percent or 
more — face possible income *!tagaatioij 
or dedine. Cou ntries where the threat of 
falling income is greatest are those 
whose numbers grow at 3 percent or 
more per year. These 34 countries, al- 
most all in Africa, the Middle Eiast, and 
Central America, have a combined pop- 
ulation of 394 million,'* 

Within this group, countries with ex- 
portable surpluses of oil maybe tempted 
to neglect population policy, with the re- 
sult that their populations will continue 
to multiply rapidly, sustained by the im- 
ported resources thai petroleum buys. 
Over the long term, however, as oil re- 
serves dwindle and the exportable sur- 
plus disappears, th^y may find them- 
selves with populations that far exteed 
the carrying capacity of local resources. 
Countries such as Iran ahd Nigeria, 
where oil production and exports have 
already peakedi tllu5trate well the risks 
that oil-producing countries with rapidly 
expanding populations face over the 
long lerm. Situations like these have the 



greatest long-term potential for massive 
human suBering. 

Unfortunately, economic growth has 
already fallen behind population growth 
in many countries. The World Bank re- 
pons that per capita CNP declined in 18 
countries from 1970 to 1979, (See Table 
2-5,) In a few cases this was caused by 
disruption of economic activity as- 
50ciated with political conflicts and in- 
stability, but in the great majority popu- 
lation growth simply outstripped that of 
economic output. 

Central to the decline in per capita in- 
come during the seventies in many of the 
countries in Africa, a largely rural conti- 
nent, was the decade-long dedine in per 
capita food production. The growth in 



TMe 2-5, Countiies Experiencing a 
Deeline in Per Capita Income^ 1970^79 



Country 


Population 


Annual 
Rate of 
Decline 




(million) 


(percent) 


Angola 


6,9 


-9,6 


Bhtn:in 


1,3 


^0,1 


Chad 


4.4 


^2,4 


Congo 


1,5 


-0,2 


Ghana 


11,3 


-3,0 


Jamaica 


2,2 


-3,7 


l,ibya 


2,9 


-1,6 


Madagascar 


8,5 


-2.5 


Mauri latua 


1,6 


-0.7 


Mozambique 


10,2 


. -5.3 


\icaragua 


2,6 


-1,6 


Niger^ 


5.2 


^1,2 


Sierra Ixone 


3,4 


-1,2 


Uganda 


12,8 


-3,5 


Upper VoUa 


5.6 


^1,2 


/aire 


27.5 


-2,6 


Xambia 


5,6 


-1,9 


Zimbabu-e 


7,1 


-1,7 


Total 


120,6 





sokrce: World Bank. 1981 World JSait* ^tlas 
(Washittf^tun. D.C: 1982). 
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Afnca'^ tood sup|>ly i<nn\rdiv\ r.ivorahl\ 
with that for the world as a whole^ but its 
increase in human numbe*^ is far more 
rapid. Plagued by the fastest population 
growth of any continent in history, as 
well as by widespread soil erosion and 
dcsenification, AlVica's food produrtton 
per person has Fallen 1 1 percent since 
1970 J** 

Given the prevailmg, economic condi- 
tions of the early eighties, the ranks of 
the 18 countries with declining per 
capita GNP are likely to sw ell dramati- 
cally. In a report published in late 1981 
the World Bank projected a decline in 
the average income of 187 million peo- 
ple tn 24 low-income countries in sub- 
Sabaran Afnta, ITiis is the firsi time the 
World Bunk has projected a decline in 
living standards (or a major region of the 
world," ^ 

As the growth in ihe production of 
material goods and services slows, the 
distribtition isstie must be viewed 
against a new backdrop, one unfamiliar 
to this generation, W^ith the changing 
growth prospect, pressure to reformu- 
late economic and social |iolictes with 
basic human needs in mind will no doubt 
increase, ITiis task will be far more diffi- 
cult than it was in the era of rapid eco- 
nomic growth, with its underlying belief 
that a rising tide raises all ships. As econ- 
omist Herman Daly has perceptively ob- 
'Scrvc<L turning our focus to meeting 
basic human needs will ''make fewer de^ 
mands on our environmental resources^ 
but much greater demands on our monil 
resonrtes/*^** 



Population/Resource 
Projections 

Existing projections of population and 
resources do not provide a solid founda- 



tion for formulating intelligent popula- 
tion policies, U,N, projections show 
world population continuing to grow 
" until it reaches I I billion before leveling 
off a century or so hencej^ These popu- 
lation figures are the product of two sets 
of assnmptions — one explicit and one 
implicit, rhe explicit assumptions are 
demtigraphic, I hey include country-by- 
coutitry assumptions about future fertil- 
ity levels, sex ratios, life expectancies, 
and numerous other demographic varia- 
bles. If these explicit assumptions hold, 
the projc*cted increases in world popula- 
titni will materialixe. 



Africans food production per per- 
son has fallen 11 percent since 
1970. 



But population growth does not occur 
in a vacuum. Current projections of 
world population are based on the im- 
plicit assumption that the energy, food, 
and other natural resources required to 
support human life are going to be as 
readily available in the future as they 
have been in the past, rhey assume that 
the production of the major biological 
support systems — fisheries, forests, 
grasslands, and croplands — that satisfy 
j>a.sic human needs for foodi shelter, and 
clothing will continue to expand along 
with population. It is perhaps unfortu- 
nate that population projections are 
done by demographers on their own. 
Projections by an interdisciplinary team 
of analysts including, for example, 
agronomists* economists, and eeolo- 
gists would be more realistic since pop- 
ulation growth cannot be divorced from 
the carrying capacity of local biological 
systems. Continuing increases in 
human pt>pulatit>n on the one hand and 
the progressive deterioration of life- 
support systerm^on the other are not 
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loinpatibk' over ilic loii;^ term. 

The unreality of currt*nt population 
projections can be seen in the numbers 
put fonh for individual countries, Ac- 
cordin(( to tite World Bank, which uses 
slightly lower projections th.in the l\N. 
mediunt*level ones, the growth ahead 
for some lonntries can only be described 
as phenomena), India \s projected to add 
more than another billion people to its 
1983 population of 730 million before 
stabilizing at 1-34 billion, while neigh* 
boring Bangladesh and Pakistan could 
increase from 96 million each at present 
to 430 million and 41 i million respec- 
tively. If these three countries grow 
as projected, the Indian subcontinent 
would be li>^me to 2.7 billion people, 
more than the entire world population in 
1 I he 84 million Nigerians of today 
are projetitMj to increase to 623 million, 
more people than now live in all of 
Africa. Mexico would grow from 76 mil- 
lion to 215 million people. iDughly the 
size of the current U.S. population. And 
the populations of several Central 
American coiitttnes — El Salvador, Cua- 
toiuala^ and Nicamgna — wottid triple be- 
fore stabilizing.^^ CleaHyi national and 
global resources would be strt*tched to 
the breaking point well before increases 
of this size materialize. 

Many of the economic stresses afflict- 
ing the woHd economy during the mid- 
eighties have their origins in chang- 
ing population/resource trends. When 
world population reach<.Mj the three bil- 
lion mark in 1960i the per capita produc* 
tion of almost e^ery major commodity 
was still increa^iiitg. But when world pop- 
ulation moved, toward four billion, de^ 
mands began to approach the sustain- 
able yield of many biological suppon 
systems; The world harvest of forest 
products began to fall behind popula- 
tion growth; 20 years of rapid growth in 
the world ftsh catch came to an end; and 
per capita growth in woHd beef output 



halted in 1976. World production of oil, 
the leading energy resource, peaked in 
1979. riic growth in world grain pro- 
ducdoni which had been steadily outdis* 
tancing population since mid-century, 
has barely kept pace with population' 
growth since 1973, In North America 
food production has continued to out- 
strip population growth. But in Africa, as 
mentioned earlier, the reverse is true. 
Since 1970 per capita food production 
there has been falling by some 1 percent 
per year,*' 

Faced with this emerging picture of a 
. new population/resource balance, Presi- 
dent Caner was frustrated by the inabil- 
ity of U,S, Government agencies to pro- 
vide coherent sets of projections in 
important areas such as energy, water* 
and food. This lack of global foresight 
capability led him to launch the Global 
2000 study in i977. Undertaken by the 
U.S^ Council on Environmental Qjialiiy 
and the Department of State in cooper- 
ation with 17 specialized government 
departments and agencies, the study 
examined, among other things, the 
consequences of the projected increases 
in world population. 

The Global 2000 study team discov- 
ered numerous inconsistencies among 
government projections and policies. In 
assembling sector forecasts from the 
various agencies* overlapping resource 
claims came to light. The Department of 
Agriculture, for example* was incor- 
porating in its projections water that 
the Depanment of Energy was expecting 
to use to launch synfuels projects. The 
risk of such a lack of coherency in plan- 
ning is that it can lead to resource scar- 
cities* as in the case of water* or to excess 
capacity, as in the case of electrical gen- 
eration. In either^ case resources are 
wasted. 

The Global 2000 Report, the end prod- 
uct of this first effort to project global 
economic* environment* and resource 
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trends, observed iii Jii oJ[-i|uo[cd (oii- 
elusion that *'barring revolutionary ad- 
vaitres in techuologv, life for most peo- 
ple on earth will be more precarious in 
2000 than it is now — tinlcss the n^ktions 
ol the world act dtxi*>KeIy to alter (ur- 
rent trends/* Five years have passed 
HP<c the study went ti> prc*ss. Utifnrtti- 
riately, life is more dithcult now for many 
of the world's people than it was then*^^ 

The only othtT comprehensive at- 
tempt to project world trends to the end 
of the eenttiry was undertaken in the 
mid-seventies by the Uititt^d Nations. Di- 
rected by economist Wassily Leontief* it 
foresaw a rosy economic future for the 
wot kL I tie wrakness of this undertaking 
was that it was clone almost entirely by 
etotiotttists attd lacked a sohd interdisci- 
phiiary tottnclatjon. fhe result was pre- 
in-tlie-sky projectintis attd misleading 
concltisioos about where the world was 
headed. For example, the U.N. study 
postulated for the remainder of this cen- 
tury an average agricultural growth rate 
m the developing world of 5.3 percent, 
a rate with little foundation in either the 
historical experience ofdeveloped coun- 
tries or in current Third World realities. 
The authors noted that soil erosion 
would affect future food production, but 
because data was sketchy they chose sim- 
ply to ignore it. If agronomists had been 
involved in the project they could at least 
have estimated erosion s impact on fu^ 
tnre productivity, thus making the pro- 
jections more realistic ^nd useful.*' 

Concerned with the dechncs in per 
capita production of the basic ix:sources 
that tittderpiu the global economy, sev- 
eral individual countries decided to ex- 
amine the implications of the Global 
2000 study for their own national poli- 
cies. Countries as varied as (apan, Mex- 
ico, and West Germany have expressed 
interest in the "Global 2000*' approach. 
China* well aware of indigenous rt*- 
source constraints, is undertaking an 



nnthitiotis China 2000 study. Japan has 
organized a Year 2000 Committee ti> 
focus on the implications af^he chang- 
ing global resource outIf*<Jk for the Japa- 
nese economy.** Tb^^nited States, un- * 
torttinately. has filled to follow through 
on Clohat 2000. The result has been an 
international vacuum as the dotiiiuant 
world economy and traditional world 
leader on such matters sit on the side- 
lines, faihng to provide leadership on 
this critical complex of issues. 

One of the first countries to examine 
systematically the long-term popula- 
tion/resource balance was China. As 
part of the post-Mao reassessment, Chi- 
nese leaders projected future population 
size based on the assumption that cou- 
ples would'haveonly two children. Even 
under this scenario* given the country's 
youthful age structure Chitta would add 
another 300 or 400 million people be- 
fore population growth ceased. After 
relating these projections to the availa^ 
bility of land* water energy* and other 
basic resources and to the capacity of the 
economy to provide jobs> the leadership 
concluded that they had no choice but to 
press for a one-child family lest they 
jeopardize their hard-earned gains in liv^ 
ing standards.^^ 

Ehzabeth Croll, China scholar at Ox- 
ford University* observes that Beijing 
had concluded that **unless the popula- 
tion to be fed, housed and clothed is re- 
duced, the goals of any development 
strategy in China are bound to fail/'^^ 
ITie principal difference between China 
and other densely populated developing 
countries such as Bangladesh, India, 
Egypt, Nigeria, and Mexico may be that 
the Chinese have had the eourage and 
the foresight to make these projections ^ 
and to translate their findings into pubhc 
policy. If others took a serious look at 
future population/resource balances, 
they too might well decide that they 
should press for a one-child family. 
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New Population' 
Initiatives 

As world population moves toward five 
billiotit the per capita production of 
many basic commodities is falling. The 
elTort to raise incomes and living stan- 
dards is faltering in many <5ountriesr par- 
ticularly where population is growing 
most rapidly. The fall in global eco- 
nomic growth from over 4 percent annu- 
ally to 2 percent is dividing the world 
into two groups: those where economic 
growth exceeds population growths and 
those where it does not. For one group, 
living standards are rising. For the other 
they arc falling. One group can hope 
that the future will be better than the 
present. In the other. liope is turning to 
despair. 

'Fhe fall in per capita incomes is occur* 
ring, almost without exception, in coun- 
tries that have given hrtle attention to 
tho human side of the population/ 
resotirces equation. The attention of po- 
litical leaders and the allocation of 
budgetary resources have both focused 
almost entirely on the supply side, on 
expanding output. One consequence of 
this imbal^mce is that more atid more of 
the growth in output is required to sat- 
isfy the increase in population^ with little 
remaining for improvements in per 
c^ipita consumption. 

Wliert.' population growth is rapids 
changing economic circumstances call 
for new population policies. Many devel- 
oping countries are stalled in the middle 
of the demographic transition discussed 
earlier. If economic growth remains 
slowr barely keeping pace with popula- 
tion growth or even falling behind it, 
then high-fertility developing countries 
cannot count on economic improve- 
ments to reduce binhs as they did in the 
industrial countries. Fonunaiely. recent 
experience has shown that countries 
with brt-^ad-basedbut inexpensive health 
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care systems and well-designed family 
planning programs that encourage small 
families can bring fertility down even 
without the widespread economic gains 
that characterized the demographic 
transition in the industrial societies.^^ 

Making family planning services uni- 
versally available is the very first step 
that all countries should take. Beyond 
helping to curb population by prevent- 
ing unwanted births, it makes j)eople 
aware that they can control their fertility, 
in effect creating its own demand. And 
because family planning leads to better 
spacing of births, it lowers infant mortal- 
ity, which in turn fosters lower fertility. 
Although each country represented at 
the U.N. Conference on World Popula- 
tion in Bucharest in 1974 agreed that^ 
access to family planning services was a 
basic human right, not all governments 
have followed through. As a result, an 
estimated one-third of all couples still go 
to bed unprotected from unplanned 
pregnancy.** 

Essential though family planning ser 
vices are» they are not in themselves 
sufficient. Data from the World Fertility 
Survey show the desired family size in 
many countries is still four or five chil- 
dren. Ahhough this is lower than it was 
just a few years ago. in some countries 
havmg this many children would lead to 
vast populatiorr^ains that would steadily 
reduce livinfc standards.^* Reducing fer- 
tility to the le^elcircumstances caU for 
requires public e^cation programs that 
inform people about the future relation- 
ship between population and resources 
and about the economic consequences 
of continuing on the current demo- 
graphic path. More projections like 
those done in Beijing are needed, in tra- 
ditional countries such as China/ child- 
bearing decisions are still influenced by 
a parental desire to be looked after in old 
age. By emphasizing future population/ 
resource relatioaships, f: 'vemment offi- 
cials can shift parents' considerations of 
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childbearing dccisitms iroin their own 
well-being to that of their children. 

Formost 'Hard World countries, how- 
even tho provision of family planning 
services and public education programs 
based on projections will not slow popu- 
lation growth quickly enough to avoi;l a 
decline in living standards. Govern- 
ments in these countries wit) need to 
reorient economic and social policies to 
lower fertility further Traditionally* 
government policies that affected popu- 
lation growthencouraged large families. 
In most countries^ for example, income 
tax deduaions and naternity leaves are 
available without restriction. Now some 
cotmtries are beginning to alter these 
long-standing polici^. For example, 
South Korea and Pakistan limit income 
tax deductions to two children, Tan- 
/ania» Sri Lanka, and Nepal have gone 
even further and entirely eliminated tax 
deductions for dependent children,*** 

Several governments restrict mater- 
nity benefits. In the Philippines* they are 
limited to the first four births; in Chana^ 
Hong Kong, and Malaysia, to three; and 
in Sotith Korea, even more stringent, to 
only two, Tanzania, adapting this gen- 
eral approach to African family planning 
programs' emphasis on child spacing, 
provides paid maternity leave to em- 
ployed women only once every three 
years,'* 

Some goveninieiits use access to 
education and to public housing or 
to low-interest loans for the purchase 
of housing as a carrot to encourage 
small f;^niilies. In China, the certificate 
awarded to couples who pledge to have 
only one child entitles them to preferred 
access to schooling for that child* South 
Korean government employees who 
sto]>at two can deduct their educational 
expenditures from income tax* In Sin- 
gapore^ having no more than two chil- 
dren gives couples preferred access to 
housing, much of whidf is goven«ment- 
constrticted,** 



Fopulatton (^^^ 

Other countries have designed reward 
systems to etKOurage sterilisation or the 
use of contraceptives, India, for exam- 
plei was the first government to provide 
small,, one-time payments to men and 
women who were sterilized* Iti some 
countries such payments are regarded 
more as compensation for lost wages and 
travel costs than as incentives per se/I he 
Indian payments in 1983 ranged from 
$ 1 1-I3> for example* roughly two weeks* 
wages for rural laborers. In Bangladesh, 
those sterilized receive new clothing — a 
sari for women and a lungi for men — 
plus travel-cost reimbursemeru,*' 

Experience shows that such payments 
do make sterilization more popular. In a 
1983 WorldWatch Paper, Judith Jacob- 
sen noted that "in Sri L?inkai the number 
of sterilizations performed in govern- 
ment family planning programs in- 
creased when payments were first intro- 
duced in January 1980* Nine months 
later, when payments were increased 
fivefold to match those offered on pri- 
vate estateSi sterilization clinics were 
swamped. The number of sterilizations 
performed at one clinic increased from 6 
to 35 a day after the introduction of the 
payment and rose to 150 a day after the 
increase,''** 

Some countries have begun to experi- 
ment with community incentives, A com- 
munity that achieves certain family plan- 
ning goals* either measured in terms of 
contraceptive u^age or in reduction in 
birthst becomes eligible for a new 
school, a village well, a community irri- 
gation pump, or even a television set. 
This approach, being tried in Thailand 
and Indonesia* has the advantage of 
mobilizing peer pressure to limit family 
size,** 

There is an urgent need for data to be 
gathert^ regularly in this vital area< to 
permit continuing evaluations of prog- 
ress and reports to the public, 1 he col- 
lection and monthly publication of birth 
rates would help measure progress on 
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this critical Irottt^ itiucli as is now the 
case with employnient, inflation^ or the 
bfilance of paymems* It would also con- 
tribute to public awareness of the need 
to reduce family size and hah population 
growth. 

In many rountncs, r<.*ducing the birth 
rate rapidly c*itough to avoid a decline in 
living standards will rei|uire a Herculean 
effort and the constant attention of na- 
tional political leaders. Administratively, 
successful implementation of population 
programs may require that responsibil- 
ity for them be escalated from a division 
in the health ministry^ where it com- 
titotilv resides, to a cahjnet-Ievel com- 
mittee tliJt regularly reviews the situa- 
tion. I itortliodox though tliis may be. it 
IS tlir k*vel of attention befitting the 
gr^ivity oi the issue, 

Anuing the Third World countries 
that have sticce.ssfulK reduced fertility, 
no two approaches are identical. But all 
have invoked nati(>nal'leaders' commit- 
ment to reduce fertility, the widespread 
availability of family planning services^ 
itiid a public education program that 
Uttks popiilatiDU growth to the lon^-term 
sotbl interest as well as to benefits for 
individual famihe*>. Several of the more 
successful countnes have often used 
some combination of economic incen- 
tives /)r disincentives to encourage small 
families. 



Governments will be forced to settle 
differences between private interests, 
sometimes better served byJarger fami- 
iies. and the pubhc or social interest, 
which is invariably better served by 
smaller famihes* Reconciling these dif- 
ferences can be extraordinarily complex 
and pohticatly costly. Failure, however, 
could be catastrophic. The issue is how 
— not whether — population growth will 
eventually be slowed. Will it be hu- 
manely^ through foresight and leader- 
ship, or will living stai:dards deteriorate 
until death rates begin to rise? The latter 
would certainly reestablish a population 
equilibrium of sorts, but it would be 
through high birth and death^^rates, 
rather than the low birth and death rates 
characteristic^ of countries that have 
completed the demographic transition. 

In an age of slower economic growth. 
improve:!tents in living standards may 
depend more on the skills of family 
planners than on those of economic 
planners* As the outhnes of the new eco- 
nomic era become more visible^ popula- 
tion policy seems assured a high place 
on nattc lal political agendas. Too many 
governments have delayed facing the 
issue for too long. When they belatedly 
do so. they may discover* as China has* 
that circumstances force them to press 
for a one-child family. 
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Reducing 
Dependence on Oil 

Lester /?. Brown 



tfthe 7 percent annual growth in global 
oil consumption that prevailed from 
1950 to 1973 had contiuued, the world 
would have increased oil use from 20.4 
billion barrels in 1973 to just over 40 
billion barrels in 1983. Ai such a con* 
sumption level unprecedented adjust- 
ments would be required, adjustments 
that would place great pressure on the 
international economic system. But this 
did not happen, because a group of 
preindusirial* oil-exporting countries 
that controlled the lion's share of world 
oil ^exports decided in late 1973 that oil 
was vastly underpriced. To remedy this, 
they quadrupled its price, sending eco- 
nomic'shoclc waves through the world 
economy and making OPEC a house- 
hold word. 

The 1973 oil price adjustment 
checked the runaway consumption 
trend, but it was the 1979 increase thai 
reversed it. As a result of the two price 
jolts^ world oil consumption in 1983 to* 
taled only 20 billion barrels, not the 40 
billion barrels it might have been.' 



Despite late twentieth century ad- 
vances in mathematics and widespread 
access to computers, political leaders 
and other key economic decision-makers 
have a dangerously deficient under* 
standing of exponential growth. If the 
oil consumption trend of the century's 
third quarter had continued through the 
fourth, by the year 2000 oil consumption 
would have reached 127 billion barrels. 
Proven reserves would have been used 
up by 1990 and before 2005 all ulti- 
mately recoverable reserves would h^ve 
been exhausted.^ 

By the mid-seventies oil's low cost, 
mobility, and versatility had made it the 
fuel of choice everywhere. Countries 
that did not produce oil imported it. Al- 
though it had become the principal en- 
ergy source powering the world econ- 
omy, and although the growing 
worldwide dependence on it was pat- 
ently unsustainable, few seemed to no- 
tice or take heed. In the United States, 
automobiles were growing larger each 
year and the number of miles they couKd 
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^ travel per gallon was dropping ever 
lower Projeaions of the world auto 
market through the year 2000 that were 
done before 1979 showed ^he industry 
easily doubling jti size^ erroneously as- 
sutning that the growth in oil consiimp* 
tion could continue in definitely. 

In retrospect, the world may bc^Lheav* 
ily indebted to OPEC (the Oiiganization 
of Petroleum Exporting Countries) for 
having raised the price of oil It is easy 
to criticize the group in the short run, 
especially the failure of cash-surplus 
countries to assist moje vigorously the 
poorest oil-importing countries. And it 
would Jx? naive to overlook the self- 
/ ititerest involved in OPEC's move to ob- 

tain a better price for the oil of its mem- 
bers ;ind stretch out remaining reserves. 
But lis /)il pricing policy is nonetheless 
socially constructive on tlic whole. With 
reserves shritiking.a socially responsible 
policy would raise prices Just fast 
enough to encourage the conservation 
and deyelo|jpient of ahemalive energy 
sources needed to minimize disruption 
in the transition to the post-petroleum 
era. 

As of 1984, it is hard to argue that the 
price of oil began rising soon enough to 
make this smooth transttton possible. 
Prices of petroleum products like gaso- 
line are still conirolled or subsidized in 
too many countries^ slowing the adjjiist- 
^ ment« that energy consumers can make, 

Eflorts by governments o partly offset 
the price rtse notwith,"^ ling. OPEC's 
role in raising oil prices will almost cer- 
tainly be vindicated over time. 



Success Stories-? 

Since 1979 world oil consumption has 
fallen 3,3 billion barrels, a 14 percent 
drop, (See Table 3- 1 ,) ITiere is a distinct 
possibility that the 22,9 billion barrels of 
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Table World Oil <Ion sump tion* 
Total «nd Per Capitiit 1950-$5 



Year 


Total 


Per Capita 




(billion barrels) 


(barrets) 


1050 


3,0 


1,56 


1055 


5,5 


2,01 


1060 


7,8 


2,58 


1065 


11,4 


3,40 


1070 


18,7 


4,54 


1071 


17,7 


4,72 


1072 


18.7 


4,01 


t073 


20,4 


5,26 


1974^ 


10,8 


5,00 


107^ 

S J f J 




4 fin 


1976 


21,2 


5,16 


1077 


22,2 


5,32 


1078 




5,39 


1079 


23,8 


5.48 


1080 


23,1 


5,22 


1081 


22,1 


4,91 


1082 


21,5 


4,70 


1083 


20,5 


,4,40 



soi RCt^s, Amertoan Petroleum Instimie, fhstc Ft- 
trotrum IMa Book Washington, D,C,: 1983); 'Mid- 
year Reviclsf and Forecast," (hi and Gfi^ Journal. July 
25, 1983: Worldwatch Instituie estimates. 



oil produced in 197^ will never again be 
matched. If so, historians looking back 
from the twenty-firsfc^mury will almost 
certainly see thai year as a hinge point in . 
economic history, a year that signaled 
not only the eventual fading of the age of 
oilt but the beginning of the post- 
petroleuJii age as well. 

Given <he growth iifi world population 
since midrceniury, the rise in p^r capita 
Qil con su|t)p tion was somewhat less than 
^at of toial consumption. Between 1950 
^ ^nd 197Sf the average individual's use of 
oil climbjrd from 1 ,56 barrels each year 
to 5,48 barrels, a gain of nearly fourfold. 
Since 1 979* however^^with world oil con- 
sumption declining while the number of 
people continued to increase, the per 
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<.ap]ta decline has been pro<.ip]tous. Fall- 
ing nearly 20 percent in four yearsrit has 
affected every facet of human existence 
from diets to transportation* The sub- 
stantial adjustments of the last few years 
will continue for decades to come. 

The 14 percent drop in wOrld oil con- 
sumption since 1979 is impressive* but 
some countries have contributed far 
more to the decline than others* (See 
Table 3-2.) In fact, a few are still expand- 
ing their use of oil. Among the larger 
economies* the leading Western indus- 
trial countries dnd Japan have been the 
most successful in reducing their oil de- 
pendence. The centrally planned econo- 
mies have not done as well The Soviet 
Union is the only major industrial coun- 



try that* try as it might, has been unable 
to reduce oil use. 



In retrospect, the world may be 
heavily indebted to OPEC for hav- 
ing raijsed the price of oil- 



Somcwhat surprisingly, the country 
with the best record in reducing oil con- 
sumption is the United Kingdom, the 
only major Western industrial country 
that exports oil. U.K. oil use peaked in 
1973 9t 840 million iwrrels and turned 
downward, falling to 606 million barrels 
in 1982i 28 percent below its high. The 



Table 3-2. Peirolrum Consumption in M^or Countries* 1^60^2^ 



Soviet 







United 




West 




United 


King- 




Ger- 


Year 


States 


dom 




many 










(million 


1960 


3.577 


343 


204 


230 


196.5 ' 


4*201 


544 


398 


588 


1970 


5.366 


763 


690 


887 


1971 


5,522 


763 


748 


953 


1972 


5.975 


818 


814 


L007 


1973 


6,318 


840 


883 


1,066 


1974 


6,077 


781 


825 


953 


1975 


5.957 


683 


781 


916 


1976 


6,373 


679 


832 


989 


1977 


6.727 


6^6 


814 


1,037 


1978 


6,880 


675 


792 


1,113 


1979 


6.756 


704 


872 


1,121 


1980 


6.277 


632 


825 


989 


198 J 


5.826 


585 


725 


891 


1982 


5.567 


6O0 


712 


884 












Frorn 










Peak i%) 


-19 


-28 


-19 


-21 



241 


869 


62 


60 


99 


110 


635 


L318 


84 


91 


120 


124 


1,405 


1*934 


226 


134 


186 


182 


1*526 


2*427 


288 


155 


204 


190 


1,591 


2,226 


232 


154 


237 


204 


1,851 


2,398 


409 


166 


281 


223 


I^IO 


2.559 


504 


168 


305 


245 


1*642 


2*727 


577 


182 


318 


270 


1.741 


2.792 


613 


188 


354 


292 


1*909 


2.986 


668 


201 


369 


307 


1.876 


3,092 


661 


225 


383 


336 


2t<H>0 


3.132 


675 


241 


431 


329 


1.810 


3,252 


668 


235 


423 


445 


1.680' 




638 




389 


485 


1.565 










529 


-22 




-5 


-2 


~10 





sot/RCtS. Dt^partmcnt of Energv. £fierg> Infnrmatron AdmintscrjttOfi. tntirrtaitcnai P/frchtm 
Antitutt (Washitigcon. DC... various years) and tn(^\aUi)rutl Erwr^ Atmuat (Washington. D.C.: 
1982): 1981-4)2 data arc prdmiitiarv estimates by*Wm4d«tatch Institute. iPcak year m bold 
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other major Western industrial coun- 
tries have achieved remarkably similar 
reductions, ranging from 19 percent in 
the United St^s and France to 22 per- ' 
ceni in Japan, Except for France, where 
consumption turned downward right 
after 1973, the peak year was 1978 or 
1979. 

Among the developing countries 
trends vary. China, an oil e3^orter* 
began reducing oil consumption in 
1980; India, an importer, has increased 
its consumption steadily for the past two 
decades. Even since the 1973 price in- 
crease India's use of petroleum has risen 
over 40 percent. Although per capita oil 
use in India is only a small fraction of 
that in industrial societies* the wisdom of 
fostenng this growing dependence on 
oil, a dwindling resource* is question- 
able.* 

The consumption trends of the two 
inajor I^tin American countries also 
contrast. Brazil, which is an oil importer, 
has reduced its use sharply since 1979. 
Indeed, from 1979 to 1981 consumpj^ion 
fell 10 percent. Oil-exporting Mexico, 
meanwhile> consumes more and more , 
petroleum. In 1982 it burned an almost 
unbelievable 59 percent more oil than in 
1979.* Even though Mexico exports 
more oil than it consumes, there are 
doubts about the wisdom of continuing 
lo raise its dependence on oil given the 
certain knowledge that its reserves will 
be laiigely depleted within ihis genera- 
tion. 

■ The 14 percent fall in world oil con- 
^sumpuon between 1979 and 1983 was 
acbieved partly by substituting ener^^y 
from other sources for oil and partly by 
■^saising alt forms of cnerjgy «iore effi- 
cietHl^tJIhe relative dot\tribution of sub- 
i'itutionand^nsw^rion varies widely 
by country and by s^/tim In some cases 
dramatic falls have been achieved en- 
tirely as a result of conservaiion. In oth- 
ers they are the result of extensive sub- 
stituiion> 



The Conservation 
Contribution 

Oil can be conserved in two ways— by 
using it more efficiently or by not doing 
certain things that consume oil. Insula- 
tion permits a building to be heated {and 
cooled) more efficiently. Keeping a 
kitchen list of needed groceries, on the 
other hand, and thus reducing the fre- 
quency of incidental auto trips to the 
grocery conserves oil by not doing 
something that uses it. In this case, orga- 
nized information is substituted for gas- 
oline. 

In considering how to conserve oil* 
the worid's transportation system* which 
depends heavily on petroleum, deserves 
careful attention. And within the trans- 
port sector, it is the automobile that^ 
dominates. (The future of the automo- 
bile is discussed in greater detail, in 
Chapter 9.) Here it is efficiency that is 
the key* since* except for the Brazilian 
alcohol fuel program and the South Afri- 
can coal liqudaction program* there is 
little immediate practical scope for sub- 
stituting other fuels for gasoline. 

Recognizing ihis, nearty all industrial 
societies have established programs and 
goals to raise the fuel efficiency of au- 
tomobiles. In 1978* the last year before 
the second price hike, automobiles com- 
ing ofrU.S. and Canadian assembly lines 
required half again as much fuel per mile' 
as those being manufactured in France* 
Japan* Sweden, and West Germany. 
Standards set after that by the industrial 
countries with the largest auto fleets 
were designed to boost efficiency by 
one-tenth to one-third. With the two 
countries that were manufacturing the 
least fuel-efficient cars in 1978* namely 
the United States and Canada* setting 
'he highest goals* there was a conver 
^fence in fuel efficiency standards among 
countries. (See Table 3-3.) Although the 
differences among countries will largely 
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Table S-S, ¥nt\ EHidency in Ntv, Automobiles in Selecttv Industrial Countriest 

1978 «nd Targeu for 1985 



CoimLT^ 


Gasoline Consumplion 

— i<)7r"'' "1985 


Projected 
___ J^ducy4>oHn-Fuel 
Use, 1978-85 




(kilometer per liicr) 


vpcrttniT 


Australia 


8.5 


n.8 


-28 


Canada 


7,6 


Jl.G 


-34 


France 


12.2 


13,7 


-n 


Japan 




12,8 


- 9 


Sweden 


10,91 


IL.O 


-10 


United Kiiigdom 


10,0 


11,0 


- 9 


United States 




n.6 


-34 


Wesl Germany 


10,4 


11.9 


-12 



soiiin^t. fntcrnaiMrirfl Kricrg> Agency* #iVa/ fiwrp Outiook fParis Organisation for ^"collomK: Co- 
o}]ef»tnin and Developnu^nt. 1982). 



disappear bv 198,5, the French and Japa- 
nese, whose 1978 cars_were already the, 
most fucl-eflicient. should still maintain 
a narrow lead. 

In 197^, American automobiles 
burneu roughly half the gasoline con- 
sumed by the world fleet. Raising fuel 
efficiency in the United States is thus a 
Key to reducing world dependence on 
petroleum, U,S, gasoline use peaked at 
113 billion gallons in 1978; after three 
decaHes of continuous growth, con- 
sumption dropped some 13 percent 
within five years. Virtually all oTthis was 
due xo conservation— a combination ol' 
improved mileage; changes in driving 
habits, including reduction of less essen- 
tial driving and the formation of car 
pools; and the low ering of speed limits. 
In per capita terms the trend was e\^n 
more striking, falling from 515 to 437- 
gallons between 1978 aud 1982.* ITiis 
15 percent decline in gasoline use in a 
society thotight to have a "love affair 
with the automobile'' was not widely an- 
ticipated. And its impact spread far be- 
yond the auto industry (as will be dis- 
cussed in Chapter 9), 

The second area in which conserva- 
tion has played a m^or role iti reducing 



the amount of oil used is heating. In the 
United States, the use of fuel to t^eat resi- 
dential and commercial buildings has 
fallen dramatically, particularly since 
1978. (See Figure 3-K) In 1973 the 
United States used an average of 2,23 
million barrels of oil daily for residential 
and commercial space heating. By 1982. 
the figure was K27 million barrels, a de- 
cline of 43 percent,^ ITie bulk of this 
drop was due to conservation, but there 

Million 
Barrels 
Per Day 




1 r 

m2 l«f>0 1970 1980 1985 

Figure 5*1. VS. Rn^dctHiAl and Corotnerciil 
U«e of Petrofeum* 1952-82 
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lias hceti some substitution of other en- 
ergy sourtes. particularly of natural gas 
and firewood in residential heating. Effi- 
ciency gains have largely stemmed from 
tiistilation, overall wcatherizing, and the 
more eJhcicnt management of heating 
systems in large buildings. 

Impressive though this gain is in the 
United States, tt would have been even 
larger if the country had adopted stih 
energy efhcienty building codes like 
those introduced in France or Sweden 
during the late seventies. As with auto 
mobile efiiticncy, heating-fuel etificiency 
also increased hi virtually all Western in* 
dustrial eoiintries. 

Some gains in coitservation can be 
made quickly— by reducing speed limits 
for automobiles^ for example, or by turn* 
ing down thermostats. Others involve 
the mrnover of existing stock of automo- 
biles, airplanes, or buildings, and take 
much longer riie automobile fleet turns 
over almost completely every 10-12 
yeai^, depending on the country and the 
durability of ihc cars. Housing stock 
cluniges very slowly, however— over 
decides or generations. Oftentimes ret* 
rofitting provides a way to shortcut this 
very slow turnover. 



In the United States millions of 
h mes switched from heating oil to 
wood between 1973 and 1983. 



A similar situation exists in industry, 
Some'Toil efliciency gains can be made 
(jutckly by modest adjustments in pro* 
cesses, but others occur over time as 
e^intpment is replaced. If the fuel effi- 
ciency gains embodied in new equip* 
meiit are great enough, the replacement 
of capital stock will act^clerate, 

Althi^iigh using substitute, mainly re* 
newable, fuels in developing countr*^ 
Seems the most realistic way to reduce 



oil use. opportunities for energy conser- 
vation may be at least as great as rnHTc 
industrial world, A 1980 rcpon from 
Energy/Development International con- 
cluded that '^conservation, a subject not 
widely discussed in the context of third 
world energy policy, appears to be at 
least as promising as all the renewable 
technologies taken together in tenns of 
its capacity to replace projected LDC 
(less dcv.V'ped country) oil demand/'* 



Petroleum Substitutes 

While governments everywhere were 
launching energy conservation pro- 
grams during ^he late seventies and early 
eighties* a combination of governmental 
mandates and market forces fostered a 
bread substitution of other fuels for oil. 
ITie substitute fuels, varying by country 
and even by region within countries, in* 
elude the other fossil fuels (coal and nat* 
ural gas), numerous renewable sources 
of energy, and nuclear power. In some 
sectors, such as electricity generation 
and heating, the substitution of other 
energy sources was easy; in others, nota- 
bly transportation, it was difficult to say 
the least. 

Perhaps the largest single fuel substi- 
tution was of coal for oil in the genera- 
tion of ' Icctricity, This was a worldwide 
shift, driven largely by the wide price gap 
that opened up between the two fossil 
fuels as the world oil price climbed. 
After 1979, the energy-equivalent price 
of coal was only one-third that of oil. 
Even with additional expenditures on 
smokestack scrubbers by utilities, coal- 
invariably a dirtier fuel~was still far 
cheaper,^ 

ITie switch from oil to coal in electri- 
cal generation can be illustrated by the 
changes in the- United States, After a 
jteep, detade*long rlimb^ interrupted 
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oiilv hi idh dhvi ihv 11*7:1 u\\ \}\nc liikc\ 
U.S. oil caiisiiiiiptioii b) v\ci\ruA\ uiiU- 
uva ptsikwl in 1978 at L74 million bjr- 
rvh pe r dav (Sto Kigiirc :i-2,) B> 1982. 
M Im(I flM»|ipc<i <n ponnic— t(i fisO.OOO 
bjttrU ti clay, VViiliiti four u\us utilities 
Ii;kI cue oil tisoo^cT i\ million hands \>ei 
clay, accounting foi rouglih otir-cliird ol 
clio o\eraEl {i niillioti l>ati c*l pcT (la> clro}> 
in l"„S. oil cunsumpcioti bciwtrn 1978 
diid 1082, Sinco U.S, nucloar ckxincal 
genonmon introasetl unlv 2 pmcnt d"r- 
itig tins piTiocL noarl> all ihv mine, ui 
ni oil UKocanio f rom lUv mcu asc u use of 
coaljo 

To rt'platt oil-gener;itcd c*lcYtritit>. 
counttic's Ilivc aKu iKni tuiiniig to li\- 
clroolcTiMcn^. nncloat power, and \an- 
ous rcnowtiblo sourtcs (whidi are dts- 
cu»»c*cl ill tnoic <letail in (ihaptcT 8). As 
tlic price of oil lias c liinhecL die Third 
World has been partKulail) iiKeiesica 
ni lhdro}>owei as a source ol a<lclmoiial 
olectrieal power. Scrongh suppoited h\ 
the World Hank atid other international 
agencies, the development ol Indro^ 
power from hoth ]arj;e* and small-scale 
projects has pt (needed lapiclK siiue 
I97:^.i» 

\Urn\s 




0.^ 



vjm p*H^ 



Figure 5^2. Pecroteum Used by U.S. Etcctrkat 
Uttltries, 1950*82 



"I he siihstitiition of nurlcMr power ioi 
oil-^encTatc^d ele(tritit\ lia*i heeii con- 
ceiitiatc^d in a fc^w uidustrial countries, 
nanieh those ihai were heavih depen- 
dent on this source ol eleetneit> and i hat 
had expanded their nuclear eleetrica! r 
generation capacity, Ol the major indus- 
ttial countries, oiih Kiaiue and Japan 
satisfy ln»tli triteria. Nuclear electtiral 
generation in West (Germany, the I'liited 
Kinjrdom, and the Ignited .Stales is ex- 
panding slo\\l\ and ni the .Soviet l^nion 
tlieieis little suhstitutioii of nuclear elee- 
ti K it) (or oil. Kvoii thon^n the long'tcrni 
prospect for nueleat power is uoi prom- 
ising hccaiLse of high costs (as discussed 
in flliapter 7), plants that have hern 
under conscruction over the last 10-1.7 
\ears have been coming on stream re- 
ceiitlyJ^ 

A second major area of suhscitution 
has heen that ol wochI for heating o»l, 
paiticularh in ie.siclences. I his has been 
moM impressive in the United States, 
wlieie millions of homes switched from, 
heating oil to wood between 1973 and 
1983 to take aclvantaj;e of tlie lower fuel 
prices. A national survev in I9^^1 in- 
dicated tluit 17 million out of 79 niillion 
U.S. housc^holds relied on wood f<jrpart 
or all ol their heating T ,el. Of diese. 6..^ 
million relied on wood exclusively. This 
sbifi. driven b) eccnK>mic considera- 
Uons. IS c^xpened to contmue for the 
loiesceable lutiiie. albeit at a slower 
pace.^' 

People are lehiiig on wood more tii 
developing countries as welb but for 
cooking rather than heating. A.s cities 
grew and as deforescation progre.ssecl in 
Ute'lliird Woild from tlie lifties through 
the.seveniie.s^ consumers turned to kero- 
.sene as a cooking f uel. After the 1979 oil 
I>iice Inke. howeUT. the i>rice of kerf>- 
seiic^ climbed to over $1.00 a gallon al- 
nioM every wiicne. In Addis Ababa kero- 
sene cost S\:2i) m 1981; in Islamabad. 
S 1.9.7: iuid m .SantLigo. $1.29. (See 
I able :l- l.) 
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With these prices* and with annual in- 
:cimes that frequently average only $200 
per person, the cost of kerosene has 
become prohibitive, Tlie demand for 
firewood has consequently increas<:d 
sharply. Where fircivood has not been 
a\ailable, c onsumers have turned to covv 
dung and croh rejiirlues. One unfortu- 
nate consequence of this particular sub- 
stnution for petroleum is that the use of 
straw, leaves, stems, and roots of agric ul- 
niral plants for fuel reduces the soiJ^s 
cirgantc matter conient^ and hence its 
productivity. 

World substitution of natural g::s for 
oil IS concentrated in (he industrial sec- 
lois of the Soviet Union and in the coun- 
(rie^i that depend on u for fuel, including 
particularly Poland^ Czechoslovakia* 
East Germany, and West Germany. Pe- 
troleum production is now declining in 
Romania, otice a leading world oil ex^ 
porter* and apparently leveling ofTin the 
Soviet Unioni so the pressure to develop 
oil substitutes is mounting, W^ith the 
vtciilfi*s largest reserves of nalural gas* 



the Soviet Union is Tior cinly turning o 
this fuel domestically hui is also expand- 
ing rapidly tts expons to both Eastern 
and Western Europe, Although the 
country trently has a rather remark- 
able balance m its national energy bud- 
get — each of the three major fossil fuels 
supplies roughly one-third of total en- 
ergy consumption — natural gas is now 
moving into a dominant position* Re- 
cent Soviei efFons to produce more coal 
as a substitute for oil, a valued source; of 
foreign exchange earnings, have not 
been vi;ry successfi'lJ* 

Within the transportation sector, na- 
tional si 'X^sses in developing substi- 
tutes for oil-derived fuels have been 
rare. The numerous coal liquefaction^ 
lar sands, and oil shale projects that 
were being discussed or launched in the 
!ate seventies (see Chapter 9) have 
largely been canceled* abandoned, or 
put on hold* There aie. however, two 
notable exceptions to this generaliza- 
tion, a* mentioned earlier — Brazil and 
South Africa, 

Brazil, importing some 85 percent of 
its oil, launched a concerted effort in 
1975 to produce alcohol from sugar- 
cane* Using a wide range of government 
credits and other subsidies, the world*s 
largest producer of sugar has made 
steady progress* In 1976 the country 
produced just over 1 million barrels of 
alcohol for both industrial and fuel uses, 
scarcely 1 percent of its annual gasoline 
consumption of 92 million barrels, <See 
I able 3-5*) By 1983, industrial alcohol 
production had exceeded 34 million 
barrels per year, and alcohol for fuel 
displaced 29 million barrels of oil. ac- 
counting for roughly one-fourth of auto- 
motive fuel consumption* With a heavy 
external debt, the pressures to reduce oil 
imports will continue in Brazil, giving 
the alcohol fur's program further impe- 
tus,** 

South Africa* mindful of its political 
vulnerability at the international level. 
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I'Mt 3-5. Brt^il: Alc«^Jr Sh«re of 
Auto Fuel Consum^/iion, 1970^2 
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lias made a sustained cHon /)\er ihc hsx 
decade or so lo iiicn^ase iis production 
ofliquid fuel trom coal. Highly success- 
ful in ihis regard, it is now obtaining 
roughly half its automoiive fuel from 
coal."* 



The Role of Price 

I \\v edef t oil |>rice ri^es have on demand 
is complicated b\ the impact of coiK eriis 
with security of supply in boih the iinme* 
diate future and the long run. For some 
nil uscrs^ ihe sense of vnlnenibilii) dur- 
ing the seventies among those who de- 
pended heavily on oil ledio a search for 
suhstitines. For others, the dramatic oil 
price hikes spurred the reduction in oil 
use. 



How last the demand for a coinnu)dity 
lalls as its price rises de|)ends on what 
ecoiioiiiists describe as the price elastic- 
ity of demand. This in turn is infhienced 
b\ I he a vailabiliiy of alternatives, includ- 
iiifi. in the caseofpiL ihecost of conser- 
vation. For petroleum, ihe icr^ileney of 
"xpol or slion*iem» j>iices lo rise well 
above tliO coii'^act j>rice for oil during 
iimes of iniernaiional shortages indi- 
cates the inelasticity of demand in the 
short i"un. 

*!^he price of oil over the longer term 
\liouln be seen both in current anu real 
prices — that is. the price after adjust- 
tnem for inflation, hi currc*nt terms* the 
postwar oil price reached a low of $1.28 
a barrel in 1969 and a high of $33.47 in 
1982. (See Table 3-6.) Yet this greatly 
overstates the real price change because 
this was a period of record worldwide 
inflation. 

Using the International Monetary 
Fund's consumer price index (1975 
equals 100) to adjust for inflation reveals 
a somewhat differeni trend. In real 
terms, the postwar price of oil bottomed 
in i970 at $2.09 a barrel. It increased in 
six tS the next len years and reached u 
high of $16.48 in 1980 — almost ^rxactly 
eight tirn^i the price in 1970. Adjusting 
the price of oil for inflation n.veals an- 
other i'Keresting^ often Overlooked 
trend. Although current oil prices de- 
creased only slightly from 19SI to 1969, 
die real price of oi! fell by some 61 per- 
cent* providing an irresistible economic 
lure to all countries* bot!^ industrial and 
developing* 

Asa rule, oil-exporting countries have 
chosen not to laise the domestic price of 
petroleum products to keep pace with 
the world oil price. In effect* thry are 
subsidizing their own consumption of oil 
with income from the much higher ex- 
port prices. Among the more extreme 
cases is Wnezuela, which had a retail 
gasoline price in 1981 of 13<? agallon.'^ 
Such a low price could lead to an exag- 
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geratcd dependence on the atuomobile. 
which would be \o the country *5 dcin- 
mctu over the long term. 

VVitiiin importmg coitntries. the 
Carter adtiunistrattoti's dcctsioti to re- 
move comrols from L\S. oil prices, an- 
nounced in April 1979. was ceriainly the 
police change with the greatest effect on 
world oil consumption. Oil price coti- 
trols v^'crc to he phased out over 30 
months^ although the Regan administra- 
tion removed, the la>i of them in Febnt- 
;iry )98h ttnis compnrssing the process 
into less than two years. Iliis tmdouht- 
edly dramatized the price rise, ihtti fur- 
ther encouraging conservation and sub- 
stitution. 



In Canada, too* the price of oil was 
below the world market. But in this case 
it was much more of a political issue, 
leaving the government reluctant to per- 
mit Canadian prices to climb too far 
Oie Canadians have instead adopted a 
A>inpromise that lets oil prices rise, but 
not to the worid levelJ* 



In several countries^ the tax on gas- 
oline now exceeds the cost of the 
fuel itself. 



Some governments have used taxes to 
discourage consumption of petroleum 
products, particularly gasoline. In sev- 
eral countries, including Argentina. Bel- 
frium, the Netherlands^ South Korea, 
and the United Kingdom, the tax on gas- 
(iline now exceeds the cost of the fuel 
itsel!. According to the latest interna- 
tional compilation. South Korea* where 
gas costs $4.00 a gallon, and Ghana* at 
$3.63 a gallon, were among the highest 
in the worid. (See Table 3-7J 

In the Third World, where kerosene 
consumption often exceeds thai of gaso- 
line, governments have attempted lo re- 
strain (he increase in prices. Because 
kerosene is the principal cooking fuel 
and ihus a consumer staple for low- 
income groups, some governments 
(such as in Sri Lanka) have raised the 
price of gasoline well above the market 
price, using the added revenue to subsi- 
dize the price of kerosene.!* 



Government Regulation 
AND Incentives 

Perhaps the easiest way to reduce depen- 
dence on oil would be to permit market 
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foues to make the adjustments, but iiu- 
fortiiitatety markets are imperfect and 
often shortsighted tn behavior. Their 
shortcomings can frequently be over- 
come by government regulations or the 
use of financial or fiscal incentives^ such 
as the taxes described in the previous 
section. I hese policy tools can be «sed 
both to conserve oil and to encourage 
the substitution of cheapen sustainable 
sources of energy. 

Many governmental regulations are 
dcsigtied to increase energy efficiency, 
making it difficult to single out those 
aimed specifically at increasing the effi- 
ciency of oil use. One area in which the 
market does not always perform well is 
in reducing oil use tn the residential/ 
commercial sector. Oftentimes builders 
and potential occupants of buildings^ 
both residential and commercial, have 



conflicting interests. Builders are inter- 
ested tn minimizing construction costs, 
since price is an important marketing 
tool. Occupants^ however* are interested 
in lowering fuel bills. Yet be rause own- 
ers <*nd renters often change frequently, 
their interest in thermal efficiency is not 
very strong. Getting governments to es- 
tablish energy efficiency standards for 
buildings is thus important.^^ 

The northernmost industrial coun- 
tries have been particularly active in this 
area. In 1977. for example* Sweden 
passed a building code requiring a ther- 
mal efficiency nearly double the national 
average of buildings constructed before 
1970, Although these new standards are 
only about 20 percent above the thermal 
efficiency of homes actually being built 
in 1077* they are nonetheless playing an 
important role in increasing the thermal 
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ciriiiciicy oi ihc iiaiiondl building suKk, 
Denmark passed a building code in 1079 
that also provided for a far more strin- 
gent thermal e(fictency than the stan* 
dards volniitariK followed hy builders at 
that time**^ 

Because* both rcsidenttai and commer- 
cial btiildings are replaced so slowly^ so- 
cieties also have au hiterest in retroftt- 
titig existing structures, Canada's 
national energy program^ adopted in 
Ocmber 1980, includes federal grams of 
u]i to $500 to help owners insulate thetr 
homes, 'I'be government of the United 
Kingdom provides grants up to £50 for 
installing home instilation. Another 
widely tist*d governmental intervention 
to redtice fuel use is the adoption of 
maximum building temperatures in win- 
ter and minimums in ^summer. In some 
cases, such as in Fiance, these tempera- 
tures are maitdatory tn commercial 
bttildings, and goveniment monitors 
periodicalK check for complianee, In 
other countries they are voluntary but 
widely adhered to; these governments 
rt*t\ on example and exhortation to re- 
duce oil usckI for space heating,^^ 

1 be market also fails to raise energy 
efficiency in multif'amily apartment 
buildings where heating and cooking 
fuel and electricity arc bulk-metered for 
the building as a whole, thus providing 
little incentive for individual occupants 
lo conserve, O^ie remedy for this, which 
hasbc*en aduptc*d by tnany governments, 
is simply to reqtitre that apartment units 
he meteicxl individually, 

Kner^jy efficiency standards can be es- 
tjblisbed for household appliances as 
well as for houses dieniselves. In an En- 
ergy Conservation L-aw passed in Octo- 
ber 1979* Japan set rigorous standards 
for refrigerators, air conditioners, and 
lesser appliances,*^ In some cases a com- 
bination of regulation and market forces 
can be effective. Some governments sim- 
ply require that the energy efficiency of 
an appliance he clearly stated on a label. 



'Hiis provides consumers with informa- 
tion nc*edc*d to minimize energy con- 
sumption while responding to market 
signals. 

Sometimes government regulations 
or incentives are useful when the mar- 
ket does not respond quickly enough, 
such as in the transportation sector. In 
addition to the adoption of fuel efli- 
ciency standards discussed earlier* most 
governments of industrial countries 
have lowered speed limits for automo- 
biles. West Germany, where motorists 
staunchly resist such limits, is a notable 
exception,** 

Governments have abo relied on 
regulations and financial incentives to 
encourage a switch from oil to less 
scaree* less costly fuels, Ausu^lia^ forex- 
ample. has provided tax concessions to 
industry for conversion from oil-ftred 
e<}uipnient, Canada's 1980 energy pro- 
gratii authorized grants to homeowners 
and businesses to convert from oil-iired 
heat to alternatives, Thejapane^se Gov- 
ernment provides low-interest loans for 
the purchase of solar panels to heat 
water. And the United States provides 
nonrefundable income tax credits up to 
$4,000 for homeowners who install solar 
heating equipment,^^ 

BraziK as noted earlier, has perhaps 
gone furthe^st in encouraging the shiit 
from oil to alternative energy sources. In 
addition to using subsidies to encourage 
the substitution of alcohol for gasoline 
as an automotive (ucU the Brazilian Gov^ 
ernment is also encouraging the chemi- 
cal industry to swKch from petroleum 
feedstocks to alcohol,** 

In centrally planned economies* 
where the market's role is limited^ the 
multiyear development plan itself 
K'comes the central instrument for re- 
ducing dependence on oil. For example, 
in the Soviet Union's eleventh Flve-Year 
Plan (1981-S5)» reducing dependence 
on petroleum depends heavily on the 
substitution of other forms of energy. 
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c^^petially uf ini<lcar poucr Eur oil in 
thermal electrical generating plants, 
Dttrmg this periud. nitclear power was to 
provide all the growth in electricitv in 
the Eitro{>ean Soviet Union, hut its de* 
velopinent is lagging hadh,^^ 

A ifune to i un Soviet inditslnal boilet^v 
on coal IS not working well either, largeh 
hecause coal production has fallen 
below tite plan's target evcrv year since 
|y7G, As a result. Soviet dependence on 
oil had not declined at all as of 
While other industrial louiitne^ have 
moved vigorously aw*av from oil ni elec* 
irical generation, it still Eigures promi- 
nently lit the Soviet Unton, accounting 
for <lo,ve to one-liEth of the country's 
total oil use,*** 

I'he poiideroits Soviet planning bu- 
reaucracy seents particularly illequipped 
to make quick course corrections or to 
read the changing international scene, 
Soviet planners placed emphasis on oil- 
intensive technologies and supply agree- 
ments just as W'esicTn countries Were 
moving away from oil dependence, mak- 
ing the eventual change to substitute 
fuels even more abrupt. 

Conservation, too, has proved cspe- 
<'ially diEHcult in centrally planned 
economies, though the potential and 
economic rationale for saving energy ap- 
pear to be as great as in the West. In 
<'ontrast to Soviet efTorts to phase otil 
oih whidi depend on the govtrnment s 
own plan, conserving oil depends on hc- 
haviural changes by plant managers and 
individuals, and these in ttJni depend 
it[>on ex)iorc;ition, something to whi<'h 
the typkal Soviet cili/en h;u hecorne 
rather inured. Desired changes in tlm 
activity may cotne only with eeonomic 
liberalizattofL C/ecli encTgy analyst I^t- 
v^m Dobo/j. aiiiig a Sovirt \otrrte that 
''whIi xharplv rrving pnKliirtioii and 
transport co,vts for additiofial output, 
percnergv unit, conservation costs lilrle 
more iliati half as mit<h as new sup- 
])he\," <onchide,v that the major ,votir<e 



of conservation in the Kastern bloc is ec- 
onomic reform, 

China, on the other hand, is much 
more adept at adjusting the energy mix 
<|uukly. After manv )ears of rapidiv ris- 
ing oil consumption, the government 
eflet lively and rather abruptly reversed 
this trend in lS)7S) in order to free up oil 
for export. Oil use is being reditced iu 
China by converting to coal in both elec- 
trical generation and in industrial uses,^^ 

The experiences of centrally planned 
and inarkt't economies demonstrate the 
wisdom of relying on the market wher- 
ever possible to reduce energy con- 
sumption. But one reason market econo- 
mies, in industrial as well as developing 
countries, have been much more suc- 
cessful in both Conserving oil and switch- 
ing to alternative sources is that they 
have been ahic to efi'ectivety combine 
those market forces with government 
regitlations and incentives. 



The Oil Intensity of 
Economic Activity 

With oil consumption declining each 
year since 1979, the world is far less de- 
pendent on oil today than it was during 
the late .vcAeiities* Ohviottsly, as ccq- 
tioniic output expand:^ and oil consump- 
tion declines, dte oil intensity of eco- 
nomie activity declines even faster, 

Kvx-r since the first oil price hike, en- 
ergy analyst:^ have foctise<lon changes in 
tlii,s ratio of energy to gross national « 
product (ONF), As the world is running 
out ofoil but not of energy, the oil inten- 
sity of economic activity is particulaHy 
important. The amount of oil required 
to pr<xhtce $1,000 of gross tiatiotial 
product has varie<l widely aniong cotm- 
iries, from alowof roifghiy otie harrel or 
Ivsa in China ati<l Itulia to a high of five 
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barrels m the United States at the peak 
of the oil age, (Sec Tablt' 3-8), Over the 
past generation the United States has 
been by far the world's most oil-inten- 
sive economy, using easily twice as niuch 
oil per $1*000 of GNP asjapan* the So- 
viet Union, or the United Kingdom, 

An abtmdance of low-cost indigenous 
oil fostered this U,S, dependence* which 
the other Western industrial countries 
and Japan were able to resist because, 
except for ihe United Kingdom in recent 
yearst they had to impon most of the 
petroleum they used* Now this too has 
begun to change. Between 1977 and 
\9H^1 the United States reduced its de- 
pendence <*ti oil from just under five bar- 
rels per $] ,000 ofgross national product 
lo just under four barrels* 

Other ni<ijor Western hidustrial coun- 
tries andjapan luve done .it least as well 



as the United States in reducing the oil 
intensity of their economic output over 
the last several years, 'ITie Soviet Union, 
however, which has had to rely on eco- 
nomic planning to move toward other 
energy resouixes and on, exhortation to 
decrease oil use, has been remarkably 
unsuccessful. Indeed^ the oil intensity of 
Soviet economic output continued 
climbing through 1980, ihe last year for 
which data are available, 

'ITie trends within developing coun- 
tries a^^e less consistent, India, which re^ 
lies heavily on coal it\ its Industrial sec- 
tor* has a relatively low use of oil per 
$1*000 of GNP. But its oil intensity in- 
creased throughout the seventies, reach- 
ing a historical peak in 1979, Although 
followed by a modest downturn in 19W), 
the Indian performance did not begin to 
match the decline of one-fifth between 



Table 3-8* Oil Intensity of Gross National Product in Major Countries, I96<^2^ 
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1977 and 1980 in dio oil iiiioiimk o\ 
Chilians gross aationat prodiui. Ironi- 
cally Intlia, an oil impt>ricn became 
nioro oiUintoiisjvc wlitlo oil-exporting 
(Uinia was Ktoadily reducing its dopeii- 
denco (>n poiroknini. 

Within l^tin Ainorica tlio sintanon 
was more prcxlictablo, Mexico, a leading 
oil exporter, nihsed t^U^ oil content oi\Xs 
econi^inic output rather steadily, ri*acU- 
ing nearly 2,5 /barr^'ls per $1,000 of 
piodnct in l9Hi) — well above all the 
WesRMitiTfrmis trial countries except the 
United S; *tes, Braxil, meanwhile, main- 
tanied a fairly ^'teady level of about 
biii reh during the seveiuies, Acombina- 
ttoi oi substitution and conservation 
peimitted Bra/il to initiate a downturn 
ill the oil contenl of its econontic outptJt 
in 1980, redticjiig it by an impressive 9 
percent from the preceding year, 

Vor the w*orld as a wliole, the oil inten- 
sity of economic output increased steail- 
ilv from 1950 to 1973, going from 1,33 
barrels per $1,000 of GNP to 2,27 
bariels, (See Figure 3-3,) The two oil 
price adjnstineiits during the seventies 
latniched what seems ceiiain to be the 
beginning t)f a Ion>;-tcnn historical <le- 
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Figure S-S. Oil Intensity of World E<«>fiofnic 
Output, 1950-93 



( line in the oil intettsity of economic ac- 
tivit>, vSince 1979 the fall has been both 
steady and substantial, dropping oil use 
per $1,000 of gross wtjrid product to 
1.7-1 barrels. 



The Oil Prospect 

Ftimre oil (onsum|>tjoii will be iti- 
ihienced by constraints on supply as well 
as denumd. Supply-side constraints aix* 
both geological and political, while de- 
mand considerations involve foreign ex- 
cbange at tbe national level and purchas* 
jtig power at tbe individual leveh 

On the supply side, production bas 
peaked and is declining in a number of 
oil-exporting countries, 'Ibe big three 
prtxlucers — tbe United States, the So- 
viet Union, and Saudi Arabia — illustrate 
the range of production possibilities, 
U.S, oil production peaked in 1970 and 
declined steadily until tbe late seventies, 
when there was a modest increase. (See 
Figure 3-10 a resull/of tbe frenxy in 
oil drilling and prodf^cfion associated 
with the two oil price bikes and the 
decontrol of oil prices in tbe United 
States, production has held steady since 
1978 at 8,6 million barrels per day, a 
million barrels less a day than in 1970.^' 
Once this btnsl of activity associated 
with rising oil prices lias passed, U.S. oil 
prodtiction is expected to restime tbe 
decline it started in tbe seventies. 

The big pu5h in Stjviet oil develop- 
nient is historically recent, most ofittH.* 
curring since 1970. The steep growth 
from 1960 lo 1980 retkvts the all-out 
eJiort by Soviet leaders to develop their 
oil resource, both as a major internal 
fuel and also as a st>uice of hard-cur- 
rency export earnings. Although the 
,Soviets «(>nld like to expand production 
further, tbe decline in the all-important 
re^erves-to^production nuio that slowed 
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Figure S-4. MS. «ik1 Soviet Oil Prodikctiont 
195^43 

grow tit in output in the early eighties 15 
Hkely to lead to 3<^^cline in the late eight- 
ies and ninelifSi barring some unex- 
pected major oil field discovery. It \% this 
difitculty in expanding oil output, com- 
bined with the failure lo increase coal 
output according to plan, that has led to 
the Soviet Unions crash progr^^m to de- 
velop its Vast gas reserves.*^ 

Of the major oil producerSi only Saudi 
Araljiu has enough reser\es to markedly 
raise output beyond pre^'rous peak levels 
if market conditions warrant it. Uliether 
the Saudis choose to produce at full ca- 
pacity is another matter, however since 
they iiave served as the residual supplier 
within OPKC and have sometimes sin- 
gle-handedly sup])orted OPEC's oil 
price through deep production cuts^ 

This range of future production pos- 
sibilities also characterizes the situation 
in other orl-prodticing countries, al- 
though more appear to be like the 
United States tlian like Saudi Arabia. Kor 
example, production in Venezuela lias 
fallen nearly 40 percent from its 1970 
high of 3.7 million barrels per day. 
Other major producers experiencing 
more-rectrnt declines include Algeria, 
Iran, Iraq» and Kuwait. With production 
of the major North Sea exporters, the 
United Kingdom and Norway, projected 



to turn downward within a few years, 
substantial future output increases are 
expected in only a few countries, notably 
Xhina and Mexico 

Oil production declines in some coun- 
tries, such as the Soviet Union, are due 
to a decline in the reserves-to-produc- 
tion ratio that makes it physically impos- 
sible to continue to boost production, 
tisewhere, notably in some of the mem- 
bers of OPEC, ^production is being. re- 
duced to suppo'rt the world price of oil at 
an agreed level Political disruptions, 
particubriy in the Middle Eiast* are also 
influencing production levels: And some 
governments, such as Saudi Arabia and 
Norway, are influenced by a "depletion 
psychology," a desire to stretch out the 
income from oil exports over a longer 
period. This attempt to postpone the 
day when the wells go dry could steadily 
lower world oil production in the late * 
eighties and nineties. The market impact 
of the basically healthy fear of using up 
an irreplaceable resource is hard to 
gauge. But just as the changing market 
psvchology drove prices up in the seven- 
ties, theemergence of a sirong depletion 
psychology could markedly reduce oil , 
production below the levels commonly 
projected for the remainder of this cen- 
tury. 



The combinationofgeologicalt eco- 
nomic, and psychological factors is 
likely to place end-of-century oil 
output Veil below the current level. 



.\II these uncertainties are enough to 
humble even oil experts who attempt to 
predict tomorrcJW's production levels. 
Nevertheless, common sense suggests 
that to extend petroleum's lifetime, pro- 
duction in the near term should fall. The 
key qtiestion is whether the long-term 



Reducing Drpf\ 

dt^diric in world outpm wiM bo gradual 
and orderly or irregular and disruptive. 
'ITie combmation of geologicaU eco- 
rtomiCi and psychological factors is likely 
lo place cnd-of-ceniury oil output well 
below the current level Although a con- 
tinuation of the Sperrciit anttuaS ^ic^linc 
from 1979 lo 1982 is obviously unlikely, 
a fui'ther drop, pcrfiaps a total of 15 per- 
tent, between norf and the year 2000 
seeins entirely possible, given the output 
declines now under way in most produc- 
ing countries, 'IliiSf would put eiid-of- 
^ century world oil productioit at 16,3 bil- 
lion barrels per year, down from 22,9 
biUioii barrels in i979. If projected pop- 
ulation increases also materialize, pro- 
duction will fall to 2,6 barrels per per- 
son, (See Figure' 3-5,) In effect, each 
person will then be tising only half as 
much oil as at the i>eak (*f the oil age. 
Oil ihe-demand side, the prire of oil 
will be the dominant infltience on con- 
"Gumption, In its 1983 world oil price 
projections* the U,S, Department of Kn- 
ergy's middle scenario prefects a rise in 
the price of oil to $37 per barrel iit real 
tenus in 1990, This projectetl rise in 
prires still leaves the long-term price of 
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petroleum well below ihe cosl of oil pro- 
duced from tar sands in Canada, A Cana- 
dian survey of eight projects that were 
originally scheduled to start production 
between 1980 and 1990 indicates an av- 
erage production cost of $52 per barrel 
U,S, oil shale and coal liquefaction proj- . 
ects designed to pn>duce liquid fuel 
show productiop costs consistently 
aboyo the projected world price §>r con- 
ventiona! oil at least through 1990,'^ 

Beyond pnt?, future oil consumption 
will be determine by changes in per- 
sonal income. Given the slowdown in 
global ec(3iiomic growlti since 1979, it is 
by no means certain that the affluence to 
support oil-consuming habits> whether 
in the form of automotive fuel, cooking 
i'ueK or otherwise, will increase a[, precia- 
bly. Unless real incomes rise faster than 
the projected rise in real oil prices, the 
'scope for expaitding oil consumption 
will be limited. 

At the national level, mounting exter- 
nal debts in a number of Third World 
and Fast Etiropean countries are making 
it more difficult to import oil on the same 
scale as in the past. In country after 
country where the International Mone- ^ 
tary Fund has had to intervene with 
emergency loans and has mediated debt 
rescheduling with private banks, sub- 
stantial increases in petroleum product 
]>rires have beeti reqttired as a condition 
of the loans. This is especially irue for 
gasoline m countries such as Brazil and 
Mexico. Yugoslavia, in order to avert an 
unmanageable increase in its interna- 
tional debt, introduced gasoline ration- * 
ing, Polattdt far in arrears in payments 
on its international debtt also rations 
gasoline,^* 

As the age of oil slowly recedes, gov- 
ernments everywhere will be faced with 
dilFictilt choices in the ttse of dwindling 
supplies. In industrial societies the ques- 
tion may eventually become a choice be- 
tween public and private transportation, 
with the more* efficient rail system ex- 
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paiidtng at iltc cxptiiAc of oil-dependcm 
,road transport. For many ITiird World 
countries stiil in the early siages of de- 
velopmcnL the adjustments wil! come tn 
the form of' conditions imposed by the 
Internatbnal Monetary Fund and World 
Banit in exchange for continued financ- 
ing of development. Increa5ingiy, ITiird 
World governments wii! have to choose 



between fuel for private automobiles 
and fuel for cooking, or whether to use 
precious gasoline in cars or in irrigadom 
pumps and tractors. Unless govern- 
ments develop policies that channel 
scarce oil supplies to the most essential 
uses, aflluent ifnotorists could easily 
outbid farmers^ 
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CoiBerving Soils 

Lester R Brmn 



Bciwccii 1950 and 1973 the u-orid de- 
mand Ibr grain donhlcd, spurred by 
both population growth and rising afflu- 
ence. It wtll double again hy the end of 
the coniury if the projected growth in 
population and income materializes, 
'I'his unprecedented quadrupling in 
world food demand within 50 years is 
putting more pressure on many of the 
world's soils than :hey can sustain. 

In the face of this continuously ex- 
panding world demand for grain and the 
^.ssociated relentless increase in pres- 
sures on land, soil erosion is accelerat- 
ing. In effectt mounting economic pres- 
sures are degrading the resource base. 
In I9t(0 Aason R, Bertrand,_a senior 
U.S. Department of Agriculture ofTiciatt 
described the situation in the United 
States; "The economic pressure — lo 
generate export earnings, to strengthen 
the balance of payment:, and thus the 
dollar^has been transmitted more or 
less directly to our natural ' reso'* xe 
base, /\s a results soil erosion today csn 
he described as epidemj^c iti propor- 
tion/'^ Bcrtrand*s linkage between eco- 
nomic pressures^ and resourc;* deterio- 
ration applies c'^ "here as well; in 

^st countries, ' ,ie demand 

pressures come ' ^.t^' igenous rather 



than foreign sourcps. 

Crave though the loss of topsoil may 
be, it is a quiet crisis, one that is not 
widely perceived. Unlike earthquakes, 
volcanic eruptions^ or other natural 
disasterSt this humanmade disaster is un- 
folding gradually. It is not always widely 
recognized because the tntenstficatton of 
cropping patterns and the plowing of 
marginal lands that leads to excessive 
erosion owbc the long run can lead to 
production gains in the short rnm thus 
creating the illusion of prot ress and a 
false sense of food security. 

Although sotlerosion is a physical pro- 
cess, it has numetous economic conse- 
quences, afTecting productivity^ growtht 
income distribution, food sufficiency^ 
and long-term externa! deb', Ultimatelyt 
It affects people. When soils are depleted 
?nd crops are poorly nourished, people 
are' often undemotirished as well. 



The Causes of Soil 
Erosion 

The apparent increase in soil erosion 
over the past generation is not the result 
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of a dctlmc iti itic skills of burners but 
railuT of ihc prt'ssurcs oti fanncrji u> 
produce more. In an integrated^ world 
fcxH) ccom>tu>, the pressures oh land re- 
sources are not cotiftnec) lo particular 
coumries: ihey penneaie ilie etilite 
world. Man> inuliiiotul agricttlutnil s\s- 
lemsjEiai were ecologically Mable as it'- 
cemly as tnid-<renntry. when ihere were 
onty 2.5 billion people in the world, are 
breaking down as world po|nilation 
moves toward 3 billion. 

Over the millennia, as the dent^md for 
food pressed agaitist available siippltesi 
farmers devised ingenious techniques 
for exteiicliiig agrirultttre onto Lttid that 
w;ts othei^'ise tmprochictive while still 
keepmg erosion in check and tnaintaiti- 
infT land proditctivity .These tcchniqties 
incUide terracing, crop rotations. Jiid 
fallow'irtg. Today, land farmed through 
these specialized technupies still feeds 
mtt(h of humanity, Althottgli these prat 
tices have with!it(K>d the test of time, 
thev are breaki f down in some situa- 
tions under the uressttrc of coutituiotish 
rising detuaod. 

In mottntaitioiis regions such as those 
in Japan, (^hina, Nepal. Indonesia. :uid 
th ' Andean countries, couptniction of 
terraces historically pertni.ted farmers 
to cultivate sttx^ply sloping land that 
Would otherwise qtiickly lose its topsoil, 
Centttt'ies oflaboriotts elfort arr nnbod- 
led 111 the elalK>rate systems of terraces 
it) older settled con itrics. Now the gnaw- 
ing competition for cropland in niaii> of 
these regions is forcing farmers uf the 
slopes at a pace tlmt dcws not permit the 
disciplined toustniction of terraces of 
the sort their ance /tors built, when pop* 
utation growth was negligible by com- 
padson. Hastily constructed terraces on 
the upper s i i vs often begin to give way. 
These it) t tni cotitnbute to landslides 
that sometimes destroy entire villages^ 
exacting a heavy human toll. For many 
residents of mountainous areas in the 
Himalayas and the Andes, fear of these 



landslides has become an integral part of 
daily hie,^ 

Research in Nigeria has shown how 
much more serious erosion can be on 
sloping land that is nnprotectcMl by ter- 
races. Cassava planted on land of a I 
percent slope lost ar) average of 3 metric 
tons per hectate each year, comfortably 
oelow the rate of soil loss tolerance. On 
a 3 percent slope, however, land planted 
to cassava eroded at a rate of 87 tons per 
hec tare atitittidly — a rate at which a top- 
soil layer of six inches would disappear 
entirely within a generation. Cassava 
planted on a 13 percent slope led to an 
annual en>sion rate of 221 tons per hec- 
tare, which would remove all topsoil 
within a decade. Intercropping cassava 
and cortt redttc ed soil losses somewhat, 
but the relationship of .soil loss and slope 
remained the sainc.^ 



Much of he decline in inherent soil 
fertility that occurs under row 
crops is being masked by advances 
in technology. 



Throughout the Third World increas* 
ing population pressure and the ac- 
celerating loss of topsail secin to go 
hand in hand. Soil scientists S, A, Kl- 
Swaify and K, W, Da*tgler have obser\'cd 
that it is in precisely those regions with 
high population density that 'Tarming of 
marginal hilly lands is a hazardous ne- 
cessity. Ironically^ it is also in Ihose very 
regions where the greatest need exists to 
protect the rapidly diminishing or de- 
grading soil^-esources,'* It is this vicious 
cycle, set in motion by Ihe growing 
human demands for food, feedr flben 
and energy, that makes mounting an 
effective rcsp >c particularly difficult.^ 

In other parts'of the world fanners 
have been able \^ cultivate rolling land 
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without lOMUg CX(CSSt\C iinioiitKs of lo|>- 
soil h\ mm^ crop ronaion^, r\pKa1 ol 
ihvsv tv^tom is ihe mitlwcstcni rnucd 
St:iu-s. wIr-ic tjrin<-is uuduionalK used 
loTig-iCMii loiaiions ol h.i\. p.isniir. din I 
coin. KickU {>tanu-cl ui jow (n>|)s, \wh 
lis ( oi II. iir(' inojit siis( fptiMc lo erosion 
B\ alicriMim^ row ( i ol>s with < <>\ei 
(rops like 1m w iSiea\eraj;e Jinmul raie of 
soil eiosion wiis kepi lo a lolcrable level- 
Soi onlv <io < n>|> iot:iii<>i)s provide more 
soil io\er. hiu ihe aniotini ofoi^anu 
iiicUier ihiit binds soil panult-s togetbei 
remains niueh higher diuii it would 
under eonUiitions row cropping, 

;\s w<nl(l flenicind for T.S, leedstnfls 
so;ne*l idie Woild War II and as cheap 
nuio^en lertdi/ci reduced ibe need lor 
legumes, Auioiuan fanners ilnoughoui 
die \fidwesuihe loivei Mississippi \'aU 
le\^ ^tul ihe SoniluMsi aUandone<l crop 
lot at loos fo glow coin or so\1>eans con* 
tiuuoiisK, I he risks associated widi ihis 
shifi jn cropping paiteins have long 
been known. Research undertaken in 
Misso\n\ d"ti?:;i die thirties showed an 
1IK lease in ' oit erosion Irom 2,7 ions per 
aiM- {\ a<re o.jnals OA lienares) annu- 
all> when tand was in a (oiiwwheai* 
<lo\er loiaiion 19.7 (ons per acre 
when die sanie land was planted con- 
nniio\Lsl\ to corn, (Se<* ( able 4-1 .) The 
l(>wei rale is wiihiii established etosuni 

TabJc 4-1. Cropptnf^ Sy$U'm» and 
Soil Erosion 

<*H>[>pmj* S sti-'ni Son 

(lorn, wheat, and 

( l<>\<T iotaiion 2 7 

<l()iitinn<His uluMt 10 [ 

(loTilinuous Hfiii 19.7 

sol R( I Mi" MilK'i, "<,rt»p|jiiiu S\s -i^ s m Kio- 

^" o 
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(olef aiue le\els. whereas ihe higher rate 
would lead U> the loss ot one inch oi 
lopsoil in less than a decade. Much ofihe 
d(K:liiie in inherent soil leriihi> that oc* 
< til ^ under row* crops is being masked by 
ad\aiires in technology, particularly h\ 
iIk^ increaMUg use of cheinieal feriili/er. 

Vallowing has periiniied farmers to 
woik the laud hotli iii semiarid regions 
and in the iropicji. where nutrients arc 
scarce. In vast semiarid areas — sueh as 
AiisiralUt the western Great Plains of 
Noi til America^ the Anatolian plateau of 
I'ltrke). and the drylaiuis of the .Soviet 
Tnion — where there is not enough niot.\- 
ture to support continuous ailtivation. 
alteruate-vcar cropping has evolved. 
Under tins system land is left fallow with- 
out a cover crop cvcrv o*;kt year to ac- 
(umnlate moisture. Tl\c crop produced 
111 the next season draws on two years of 
rollecied moisture. 

In s<mie sttiiati<ms this practice would 
lead to serious wind crosi^^R il strip- 
cropping were not pjacticed .siniuhanc- 
pusly. Alternatv strips planted to crops 
each vear svrve as windbreaks for the 
fallow^ strip:i, t his romhinauon of fal* 
lowing and strip-cropping permitted 
wheat production to continue in the 
western l',S. Oreat Plains after ttie Dust 
tiowl ycars.^ 

Rising demand for food has reduced 
die aiea fallowed in ke> dryland fannhig 
regions. As world wheat priee.\ cimihed 
sharpl\ during the inuU.seventies, U.S. 
summer fallow land dropped from 17 
million hectares in I9()9 to million 
hectares in 1974.* This decline led 
Kenneth (Irant. hciid of tlic li,S. Soil 
Cloinervatfoii Seivice, to ivarn iarmers 
that severe wmd erosion and dust bowl 
<oiidhioiis {'otild result. He cautioned 
lariners againsi the hire of record w heat 
prices aiul sliort-term gains that would 
.\aciihce the long-term productivity of 
their land. IJ> Ii)77, die National Re- 
sources Inventory showed that wind ero- 
sion ill wheat-growing states such as 
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I rx.is mm\ Color. kIo fji ('X(('r(U-<l the 

\\ iv Scitric- [iiiic\ the- .itriouiit of Ijl* 
lourd Lnxl iti ihc- So\ic-c I tiioii ujs als'> 
hrtii^; tr<liKr<l Diiiiiig ilir \d\v sixcirs 
tMiK sr\riliiC"S, ihr So\i<-rs ucir 
<othistri)[|\ fjllouiDg 1 7-IH iiiillioii 
li(U,iu-s t\uh \tM! Ill ihf JnLiiKl ir- 
gioivs. t^iit atU;i itir ii^issi\c tropshoti- 
i.ill jikI Ikmv >">p(>fi*i ^1 1972. ilic" lal- 
lourd jrtM udMc-diucd h\ onc-iliiid. B> 
rlir tMih n^hcirs So\iC"i oJru i.ils \s cu- i c- 
iiiiniii^' iiioir \mu\ io LiIIou hi .hi HIoi [ 

K> H-MOir IjIkI plO'hKCl\lCu^ 

III rhc ttopks — siuh .is pji Cs ol .Mri(.i 
soticli ol [Ik- S.iImij. Vciic'/ucla. ihc- Am- 
ii/oii l^.isiii. jiid elk- oucc-t isLiikIs of In- 
<l<)n(-sij — f.illouiiig \s usc-d to rrsioic lltc- 
Ifitiht^ oi lilt" scjil. In illcsc dic-cis irioiC" 
nuint iiisdU: stou d in \c-fTrCacioii ilijit hi 
I Ik- soil. W}irri (iihi\,it(-<l .iiid siii|>|K-d of 
ilini <lrrts(- \ c-^c-Mli\ c- 1 o\ru soils of tlu' 
litiiiiid tropKs qiiuM\ lose- dim k-inlit>. 
Ill ic-s|>oiisr Io clicsr tondiUoiis, IjiiruTs 
li.uc < \ol\c<l a s\ stall of sliihiiig (ulu^a- 
iioir I lir\ (Umi ^iid t i op Ijrnl foi cuo. 
iliUT. oi possihh loin \CMis jikI iIk-ii 
sisu'in.iCKjIh iihinKl<ni ii .is d'op wrids 
drdinc-. Niiiuijl \r^ri.nio^ so<ni i.ikc-s 
ow^i [lie- .il>Jiidotird lu'ld. Mo\tiigon to 
hrsh U'l i.Mii. Ijiincts irpc-.U clic process. 
Ulu-n chc-sc (nhi\<nors letiini [o thc-ir 
Miiicing point iilici 20-25 \tMrs. ilu- soil 
Ilis u-giiinrd rnoim:li loiiihn lo snpport 
<iop piodiiuion loi .1 fru wMis. 

Moiuuin^ popiiLuion picsscitcs in clic- 
iropics arc Ion ing shiltuig ailti\ ator^ to 
shoiu'ii dicsc lotduou <wlc$. As diis 
liiipprtis, Lind produ(Ci\icy Ijlls. A 1974 
Woild Kjiik siiuK leporcrd tliac in 
«.-iLi''Lillou periods utidc-i sIriRilig t iitlt- 
\jiioii lia\o bffonic coo short lo restore- 
fcrcilii\ in soiik- airus/'*^ hi some locjies 
the- oiigiiLil (ropphi^ (\(lr of lO-l.^ 
\rjis lids jlicad\ hrrii u-<lii<c-<l to 
SiiKc 11)50. chc (ioppc-<l arcM in Nigc-ri<i 
has innliiplird 2.5 cntK-s js nc\^ liiid. 
Lngc-h iiLir^pniil li.is bcrti addc-<l Jtid 
hlllou (\(]rs hii\c- hrni slioric-nc-d. Lo- 
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gttht-t. tlit-sc two trc-inls ha\c olFst-i die 
gams from die- iiuir^sc-d usr of (hciiiir^l 
k-rttli/c-r. the- jrlopcion of iniprovcd \ ^r- 
idic-s. ^iid the- c-xpjtisioii of irrigiition. 
Orc-dl \ic-lds jrc- no liighc-r than dicy 
were- 111 chc- c-arly sixcic:}. 

.\s populaciQii pic-ssiirc h^s inic-itsific-d 
III thr t i\c-r floodplaiiisof norclic-i n I liai- 
lan<l o\c-r die- last fc-u dc-tadc-s. rice f.irm- 
ers ha\e itiigr^K'd co the nearb> ttplands 
ulterc- thc> practice raiii-fed cropping, 
harh niigniins adopted a 'Slasli and 
hum" system with a t \cle of eight to ten 
wMis. u hidi seemed quite stable. As mi- 
gration lias (ontiiitied. llo^^t'^er, the for- 
est fallow cwle has been -lortentd to 
hrtween iwo to lour \cars in many areas. 
In analyitig this situation. John M. 
Shiller (oneluded that "soil erosion 
problems .ire betoinirig dearb inanife.st 
in some .ireas and the efUnt of increased 
iiiiioli IS (.itismg iiKieased flooding in 
ihe \o\\ lands an<l the siltation ofdanis. A 
potentialh \vr\ niistabic ph>sical cco- 
iioniK, .iikI social situation is developing 
in the aflected areas. 

Similar piessntc-s oti land are evident 
III tiopical Latin Amenta. .Actordiirg to 
I .N. Vaoi\ and Agritiilture Organization 
lesearcliers: There is abundant evi- 
dence ni certain regions of Wne/iiela 
that, with growing popiiUtion pressure, 
the fa]lo\s period is becoming increas- 
ingb shorter so that soil fertility is not 
lesioted before ic-<roppiiig. llns leads 
to a f.ill in the organic content and the 
welter holding capaciu of the soil. Soil 
strticture deteriorates and compaction 
becomes more coitimoit ... in other 
words, with the population of modern 
tunes, forineily stable, shifting ctiltiva- 
ti<ni svsienis are now in a state of break- 
dow n.'** " 

.Vnother source of aca-lerated soil 
eiosioit in ret em \eais has been the shift 
to l.iiger farm c-qtiipiiic-nt, particularly in 
die Soviet I'nion and United States. In 
the I nited States, for example, the shift 
to large-s<alec<ptipmeiit has of ten le<l to 
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tlu* jbaiKloiinicui <>t field l<*ri^u<'s uxi- 
sinictrd \o I olucc I tiilufi oil sloping 
lands. Ill (ir\Iand fiinnitig regions* \rcc 
shrllci l>rlts iKil iMIcrirrc Vkiili usrof 
t.iige<s(^ilc c'qin|>ninii U*\\c .ilso Ixra 
irtno\rd, I lir ciiLir^rnicm ol tirlds lo 
cUioniMiodaK' hu^r itcKiois diid ^mmi 
(otfihiiH's cilsf> it'tiinrs l>ot<tri jrtMs ilijt 
lu\<* ir;i<lilioiiatK sc'ivrd ,is < lire ks on 
erosion. 

Tills ttaii'^roniMtion of agriciiliurat 
|>icKti(C's h,is \wu IwWd h\ gruwni^ 
woildt^ulr (k'lMiiiid foi T.S. (red crops, 
l>citnnilarh (otii and soUkmiis. and h\ 
xhc j\ailal>ilii\ ol cheap rKetiiiral fcriih- 
/a. Onii.md growdi. in luitit has hceii 
jiiiplitied t)v poptil.iiioti growth dial has 
hasi<<tie<l die <leleriorjnoii of tradiuondl 
agnciiliiire in iitati\ coiitiiries. As d re- 
sult, .iglK uluital svstetiis diroii^lioiii die 
\\<>il<l ate now exprtieniiii^ iitisiisiaiiia* 
l>le levels of sojl joss. 



DiMKNSlONS OF THK 

Problkm 

One <>( die lirsi sMenlisis lo a^^ess ihe 
dimensions ol world soil eiosKni w\Tv gt^ 
olo^ist Sheldon jiidsoii, \*li<> csiitiiated 
m l%H diat die amount of ri\ent>orne 
soil sedhiieiii c arried uiio die oceans had 
ntueased Irom 9 hillioti tons per \e.n' 
beloie die iniio<liinioii o( agrieultnre, 
gi a?iii^, and oilier arnvuies to 24 hillion 
tons per \ear. Jiulsoii obseivc" "Ihcte 
is tio (piesiton didi nuin's occupant > of 
die land UK tejs"s the rate of <Tosion. 
VVline that oeaipaiiou i"^ luieuse and is 
directed :o the use of land for < iiliivaied 
crops, the ditrereiue is oiie or more 
iiia^iiUKles ^re.itei tliati wheti (he land 
IS wndei a <fniipl<'ir n.itiiia] \e^otalJ\e 
(<>\ei, sutli as grass or (ores! " His eMi- 
inaiev ituhcaie ihai hnnidus ha^e heroine 
an ittip<^riant ^rolo^ic a^eni. accelerat- 
ing die lU>\s ol voil {<} tlir oeeatis.''^ 



Although <lei ailed niloi iiiahoa on soil 
eiosioii M die lo4,il le\el is avaUahk* lor 
onl\ .1 few coniuiies* data on die se<li- 
rneni loa<l of die i\otld's niajor rivers 
.nid on die wnid-horiie nio\enieiii of soil 
o\et die oceans do pro\ide a hroad- 
t>iiisll \iew^ ol soil eiosion at die conii- 
nental le\el. Mie niosi recmt hgures on 
ri\et sedniient Jlovt show ihe worlrls 
major rivers cairvnig lieaw loads ot soil 
to the oceans. Duia compiled in 1980 l>y 
diree (Uiinese sueniisis working for ilie 
Vetlow Ri\cr (amsctvaiicy (-otiinissioti 
ir Bejjitig nidi<aied ihai river was carry 
in{^ LO hillioii ions ol soil i<> the ocean 
each \ear. (See Table 4-2.) Ihdtologisis 
esutnaie dial on average one-fourth of 
die fioil loni ihrough eiosion in a ri\er's 
watershed aclualtv makes ii to die ocean 
js sc^liiiicuL Hie oiher ihree-foiirths is 
de{)osUed oti fooislopes m reser\ oirs, on 
river (loodplams or 'Oih^'r low-lying 
are.is, or in die riverbed itself whicli 
i>(ieii < a uses eliatiDel shifts,''* 

Close behind die Yellow River, in 
terms of sih load^ is ilie (fanges of Indian 
which deposiis l„^ hill'oti lotis of soil 
into die Bav ol Bengali each year. The 
Mississippi, ihe largest t\S, river, carries 



Table 4-2. Sediment Load of Selected 
Major Rivers 
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llllIllOll tr>||\ ul soil I|IM> ilw irXtW 

Mexico each war, Ur less \hAi\ llie Vel- 
\ov, on he Oanges. Vel it reI>^e^ent^ top- 
soil from the dgiicnhura! heartland and 
IS iluis a s<^iirce of major concern for 
I .S. agronomists. t^ 

Sf ieniists lici\e receiith <lr>< uriientecl 
that ^nst airiotitiis of wiii<M><>tne soil are 
also heitig ^^ep<)^ite<l in the oceans as 
sediment. Islati<t-based air sampling sta- 
tions in the Atlantic, along with recent 
satellite photographs, indicate clearh 
that latge ({tjantities ol soil <lust aie 
heing cariie<) <mt ol Noiih Africa over 
the Atlantic. Clearh visible from satel- 
lites, these Imge plumes of fine soil parti- 
< les Uum the.iTKl.ind desert expanses of 
Noi th Alrua at iirnes create a dense ha/e 
o\ei the eastern Atlantic. Estimates of 
the .iinoimi u\ AliK.m soil heitig earned 
weM in this \\a\. iep<fite<l iii four stu<lies 
het\*ern 1972 and MJKI. lange from 
MIO— fOO iniUioii tons .mim.ilh. with the 
latest report heing ai the upper eitd of 
the ntngeJ'' 

A I'JKS Sitniif article reported j siini- 
lai loss ol soil Irom .\si,i. soil that is 
icWried cMstward o\er the Paciht. Air 
samples taken at 'the Mauna Koa Ob- 
sen. iton 111 H.iv^aii troni 11)74 through 
\W2 intlkate a ^ontitnious movement 
of soil partifles Irom the Asian tnam- 
l.incL \tith a peak anmtal flow <onsis- 
lemK ocemi'iiig iti Mardi. April, atul 
Ma\. .1 time that coin<i<les with a peiiod 
u\ strong wiiicis, low nirnlall. ami plo\\- 
ing m the semiand regions of North 
Asia. Scientists at Mauna Koa can ncm 
lell v^hen spri(ig plo\\ing starts hi North 
ChniaJ*^ 

Although soil erosion d.ita aie not 
available for most t<niiitnes. a rough es- 
timate of the extessi\e worldwide loss of 
topsoil from (ropKm<ls is needed. Wiih- 
<nit such an esiim.ite. aSsesMuer>ts o( the 
\>orl<l (ood prospect aie iinre.iltstic. The 
estimate <le\ eloped in tire foll<n\iiig 
pages IS the be^t that \\v can ccmstnict 
from the information now a\ailal)le. 



Other governments should follow the 
V S. lead an<l take tarc-ful inventories of 
their soil rc-sourcc-s so as to determine 
the rate of excessive erosion. Only then 
will the> ha\c ihc inforitiation needed to 
f<nmiilate Intelligent agricultural and 
population policies. 



The Soviet Union may be losing 
more topsoil than any other coun- 
try. 



In addition to broad-brush estimates 
of overall soil loss at the continental 
le\cL the other scmrccs of moic detailed 
iiitoriiiaiion on soil erosioii from crop- 
lan<ls include governmental surveys, 
data on sedimentation oi reservoirs and 
ii\er sediment loads, reports from re- 
search pl<>ts, and the observations of 
agriculturalists. 

1 he United States is one of the coun- 
tries that has anah/ed its soil losses in 
detail. In response to the Resource Con- 
servation Act ot 1977, the Soil Conserva- 
tion SeiA ice undertook an exhaustive in- 
\entor\ of land use and soil loss. Based 
oil some 200.000 data samplings, it 
welded reinarkabK detailed information 
on local soil loss throughout the United 
States. 

Alt^'t the National Resources Invcn- 
toi\ gathered data on soil erosion, sub- 
sequent anahses related the rate of soil 
loss to the tolerable level, a rate that 
would not impair long-term productiv- 
ity, ('alcttlated at Inun one to five tons 
per aire atinuallv. depen<lingon soil and 
cliinatk conditions, this figure repre- 
sents the maximum lc\el of soil erosion 
that will permit a high le\cl ol crop pro- 
ductivity to be sustained economically 
an<l mdefmiteh. Mie inventory showed 
that over one-third of UrS. cropland was 
losing more than fi\c ions of topsoil per 
acre. In total, the loss of soil at ibis ex- 
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(osMVo ralo fi<Mti iUv t'.S < lupUmd htisc 
of 4LS tiullioii acrrs tul^ilod L5!{ l>ilh<>ii 
Ions, Willi ilio htilk ofit coming from less 
ihiin ono'lonili <i| ilio doplaiul.'^ 
IikIki is one ol iIk* (jiIkt < outtii los 

10 fompilc a ricinotiiil osiinMlo ol soil 
orosu)ii U)\\. In I975, liitlun ,igi Kulinral 
sdcntisis coUodod <lcilci oti lo(.il soil vio- 
sion from aich of ilio icsoanh sidliotis in 
itio >iatioM.il nrUork m^iiuhiinod h\ ihc 
liuliciu (.oliiuil (or Agririiltnnil Ro- 
sojircli, Tsnip ilioso hgnios, xUvs vs- 
litii;ilo<l ihat i> hilUoii lojis ol soil .in* 
CTodrd Iroin lii<hj\ <io|>IcI|kIs cMf li 
WAV Prom llns ;ni<l Iroin .111 osliniaio 
ill, II fi() |KT<oiii ol iltc cio|>lciii<l is crofl- 
iii}> t'X( cssnch, llioox( cssi\t' topsoil loss 
ccin he calf'uliiod bv siil>iniciiii^ Irom 
the loiJil .1 tolnaiKo \v\v\ orii\c tons por 
;irio. I his \ it Ids an ox( cssno topsoil loss 
Irom Indian < lopKiinl ol 1,7 hillion tons 
pci WAV, nioro ihan Iwno the V.^. lo\H. 
I Ins osiiin.itc rosis on hn less <lciia than 
<|oos iho li^urc loi iho I niiod SlaU s hiil 

11 IS hasi'fl on ii>ronn.ilion from agrKiih 
niial sfionlisK lannliar wilH local soils 
.nnl II IS umoboraiod h> dat - sjlia* 
lion \}i Indroolodi i<^ ro n\<rv 
M'dinicMl loads. an<] oilici i..<nrc<t m^ 

<ll(.ll<T|'S, 

I he So\ict rmoii, which Inis ihc 
worlds lar^osi <io|>land aic;i. iii£i> Ik* 
los)tig more topsoit ilian aii\ oihcr< otiii'^ 
tiA. Ahli<>ti};h <kt.iilod tnform<ition on 
tho cMcni ol tho h»ss is not a^aildhlr. 
iinmcKJiis sonif OS — m< linltng S<ntol rv- 
search voporis. ptihln sialcnicnts h\ 
sncniisis and go\cnniicnl olhcLils. ,iml 
lUv ot)soi \ jiions of \ isitors from ahrojd 
— iiKlnaic iIk^ sr\oiii\ of ihr piobloni, 
Papcts ptihiishod h\ the Soil Kinsion 
Uil)oralor> at iho I'mvcrsm of Moscow, 
lor c*\anipk\ nidu.ito iisc\tic and 
vMtu^ erosion siUiatifMi 

During iho oaih t tphiies iho ollmal 
Sovioi press earned sialements h\ soil 
s< tcitltsls pteadhig tvtih ihe agndillural 
bureaiKHKA lo iiddress the loss o( top- 
soil Ami in e;irh 1981, l)r, \ la<himr l^o- 



nt\sk\ . A pMniiment soil siieiiiisi aii<l di- 
ien<n ol the Kazakh Insiimie <if Soil 
Seieme. pnbhch eliai^etl ilie A(a(leniV 
of Agricnltural .Sciences wiih neglect of 
soil problems. In a broa<UaM on Moseow^ 
nidio, Borovsk\ argtied lhat Soviet agri- 
( tiliine will he relai'<led wiihoiil efTcclive 
srrtl MianagemeiiL His warnings have re- 
(<'ned some supporl at ihe highesi levels 
of Soviet govorrinieiil, wiih Politboro 
member Mikhail S. Gorbachev urging 
planners lo heed die advice ol sod seien- 
tisb,'* Hill in ihe lace of piessnres lo 
expami pro<liieiioii .iiid re<liice die food 
iilipori deh(it — now die world's lurgesi 
— soil £(ieniiSLs arc often ignored and 
responsible soil managemenl practices 
are casi aside. 

As in ihc United States, erosion lias 
been spurred by the shift lo large, heavy 
e(|tnpm<'iii arid the enlargement of 
fields, wlucti eHinmated many natural 
boitndarv vonstratnts on erosion of soil 
h) both wind an<l water Each year an 
estimated hall'miltion hectaies of crop* 
land are abandoned because tlie\ are so 
.severeh eroded b\ wind that the\ are no 
loujjer worth lariuing. One scholar of 
So\iet einironmemal policies and 
trends, 'Hiane (fusialson, observes. 
"Fifiv \cars of neglect h:tve left a legac\ 
ol badb damaged soils."^** 

Although thore are no offn iai hgures 
on soil en»sioii, an estimate of Soviet soil 
losses base<l on the local <lata that are 
a\ailabl<^ can \Hr < oinpaufl uitli the sini- 
ation in the United Stales, where de- 
tailed erosion information has been eol- 
lened. 1 wo So\iet scientists, IK 
l\)leia\e\ and S, Vasliiik<na, writing on 
environmenlal protection and agrieul- 
lure m a Soviet economics journal in 
M)78. reported thai "tw(Mliirds of the 
plowed land in the Soviet rnioo has 
been sttbjei ted to the inllttcnce ol vari- 
ous forms of erosion," Knowing the area 
allWted b> enisioiL only ilte rate of ero- 
sion need be <lcterniined to estimate the 
toial topsoti loss V 



ERIC 



75 



i6o} 



Stale of the World— 198-1 



lAc iUc I'nttcd Sl,iio, ilic Soviet 
Union has an extensive dryland Tanning 
area and a substanttal irrigated area. 'I1ie 
Kttropean Sovtct Union, which accounts 
Tor a large^tiare oFtotal Tami oiuptu. has 
motsture le\els <;iinLlar lo ttte U.S, Mtd- 
wst. In terms oi ramtall mtt^isil>, to- 
pognipln. and erodibihty of pre^athng 
soil x\\>vs, nothing ttulicates that soil 
erosion in the So\iet Union would be 
markedly less than in the Uniied States. 
Where ctoppitig patterns are concerned, 
the So\ let I 'iiion relies intu li more hea\ - 
ily on small graitK, whereas the Umied 
States relies relaiively more on row 
Mopv stuli as com and sovbeans. 



The world is now losing an es- 
timated 23 billion tons of soil from 
croplands in excess of new soil for<^ 
mation. 



Muth of tho So\iet grain land, how* 
e\er.teinitins baiedm iiig the winter and 
earh spnng. when rainfall is heaviest in 
mam regions of the rounin\ In a paper 
piest'uted m the United States m 198;^, 
l*,S, I Vegtihov of the l)okuchae\' Soil In- 
stitute in Mo^kow reported that land left 
m haw fallow to he sown to winter rrops 
stistaiiied lossts that (ar exceeded the 
T.ite of iio\ soil tonnatioii. He ohsenetl 
that "S])ring was fotind to he the most 
dangerous period because soils are 
(hatacteri/ed b\ fhiidit\ after snow 
iha^mg." l o docunu^il this, Tregitbov 
(ited loiig*tenii expel iments showing a 
mean annual soil loss on bare fallow of 
59 Ions per hetlarcanniialh in the Baltic 
Sea shore regions, 4(> tons]>er hectare in 
the Rosto\ region. an\i 'V2 ions )>er hec* 
tare in the rranscmKasijn region. B> 
(oniparison. in the American stales ^ith 
the mosi severe erosion rates in 1977. 
Tennessee lost nearh 41 tons per hec* 



lare, Missouri lost 30 tons, and Iowa, 
just over 25 tons,^^ 

'I"hese data and observations suggest 
it is not unreasonable to assume that So- 
\ iet soils are eroding at least as rapidly as 
those m the United States, Ifonc^-thirdof 
the land isalTectedby erosion at the same 
rate as in the United States, which may 
be a ronservalive assumpiion, the exces- 
sive loss of topsoil from Soviet croplands 
is nearly 2,3 billion tons per year. 

In (phina, the fourth major food-pro- 
dtiring couniry. river sthation is now a 
nationally recogni/ed threat— one that 
has reached dimensions unmatched 
tIsewhere/Dust storms in the north and 
the sihation of major rivers indicate the 
heavy soil loss. Observations by outsid- 
ers who have been called in to help as- 
sess soil conditions indicate that the ero- 
sion rate in (^luna is at least as great as 
that in India, where more detailed data 
are available. 

A comparison of the^sediment load of 
the Yellow River in China with the 
(ranges in India indicates the relative 
niagmtttde of soil loss through erosion 
laced by ihese two population giants. 
I he (ranges, with a drainage basin of IJ 
million square kilometers, carries an an- 
nual sediment load of billion tons of 
soil, while the Yellow River, which has a 
drainage basin of 668.000 square kilo- 
meters* cai ries 1 .6 billion tons of soil to 
the ocean each year, These ntimbers 
suggest that l he rate of soil loss in China 
is substantially greater than in India. For 
the ptiri>oses of constructing a roitgh 
global estimate, however, it eau be as- 
sumed that the erosion rate on China's 
ciophmd is the same as in India. Given 
(jhina s smaller cropland area, this 
means that China s excessive loss of top- 
soil from its croplands totals .^.3 billion 
tons per year. 

For most Third World countries infor- 
mation on son erosion is large!) indirect* 
sttch as data on sedimentation of reser^ 
\oirs and river silt loads. Other indirect 
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s<mr<c*s iiuhulc itifonrLitmn mi iio|>Lin<{ 
Hbandonincnt a result of scicrc t-io- 
^lon and crop reporis showing long- 
icrm dctfiiios in \K^ds. Among ihc mosi 
graphic soiinrs <\\v reports h\ ctgritnU 
iuihI sdcmists. dr\cIopnu'ni u-ilnn- 
t i;ins, oihrr obscrwrs. (Set- t *il>lf 

Aliogeihcr. the excfssi\f toss of top- 
soil from crophitid in the four major 
lood'prodiiaiig <oiinirics^ which have 
52 pm eni of iht- \iorWs crophmd ^nd 



cUcoiim fot ovtT hcilf o1 IIS food prodtu* 
tioii. IS cstiimued M I I A bilhon ions pc-i 
\car. '\ <y obtain rough idea o( exeessi\e 
soil erosion for the world as a whole, an 
;issuntpiion nuisi be made aboni other 
(Oinuries. [f the rates <>f soil erosion ftir 
the test of the world are similar to those 
of die "biji four" — whuh is a fonser\a' 
ti\e ^issniiiption gi\en the pressiues on 
land in the I hud World — then the world 
IS noK losing ;ui estimated 23 bHIion 
ions of soil fnmi t roplands lu exeess of 



Table 4-3. OhservMlons of Soil ErixMon in the Third World 



<'^oimtr\ 



C)bs<rr\ atioii 



Sonrt e 



Nr|Ml 

{K.itin.imhi) 



Indom'Mti 



hihiopu 



frin 



"|j<)fiil nibjdntunts . . ull totktir 
iImi the problem iv mor<' severe 
tiou- than a {^enenuion ago." 

"tjOMoii'is rstiiTidied to afftrt 
btiuttn 51) .ind ()0 |K-rmit of 
ib<' Mnf<i(<^ ol ihr uliole 
t onmrv." 

"Sotl rrosion is ue^inng ^ni 
nolo^^u al ("merjjeno i<i Jti\.i. .i 
result of ovcrpopuLinoii, uhuli 
li.is \ir{\ to <leloresianon and 
11MSu^e of hilUuIr iirtMS b\ 
|jiid*htinf;i^ f.niiUTN KroMoii w 
Li\m^ Mii^tc to l.md d\ an 
Jtl.mnmg nite. nuuh fuster ih.ni 
pK-sem rt-tLmiJtioM pro^'ninw 
tMn restore it ." 

" \ here \\ ai^ <-n\ iromnruttil 
tiij^hnn.iK- itiilohhnfi f>H(»t<' om 

oifi I hilhon tons of 
topsoil tlou Uom KlIuopM s 
hij^hland'i eath war 

" 11k- pt()\ itur ol Natal, 
mioipotatni^r K^v:i/uhi. w Ickiii^ 

Tiitllion K^n^i ofiopsoil 
.nnuialh." 

Krtent iuTud plioio^t jphs U.\\<- 
shc^un Uk' i(i}>icl exuiiMon of 
(lr\<'M-hk<- con(ltnc»ns <ausnl h\ 
unid rtuMon." 
" I Ik- jrea <»f .ibandoiK d niltii.iu-d 
l.nid has <l<»nbk"<l m rtvrm 

KMIS " 



Mtmttmtt Rntafrh fwti Oeveiopmeni 
fBonldtr Col ). 1^82 

(BonMrr, <;(>l.). 19H2 



X\S Kuil>;iss\. jakuria. H)7(i 



r S. Afl) Mission. Addi^ Al).il)ci. 



John Ihmks. fnsnmtt- of N^itni.il 
KrsOTHct^. Nat.if IW 



Htlrne Kujne d".\rt. hiuum des 
llantfs Ktn<Us (rAmOn<nK- 
f.ttmr. f\inv 1980 

I fatoUl Du-^nr. \rsA\ Irdi 
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i(y2) Stntf oj the 

IR'W soil toiiiicitioiL (Sec hihle 4-(,) 

Betijusc of the shortsighted wn) one- 
third to one*hair of the world's crop- 
lands arv betii^ managed, the sods on 
ihesr linids lia\e heeii ron\<'iied fioin a 
K'ncwable to a noiirenew:il>le rcsoiin e, 
Awiiintiif; an average <lepdi of rejnaiti* 
tiif; topxoil oi seven inches. <}r t^>ns 
p<T a< re, and a loial of 3J hdlion acies 
ol croptatid, diere are 3;.^ trillion tons of 
topM>d with which to produce food, 
(ccd, ;iiid fiher Ai ihe current rate of 
exce\sive etosioii. th*\ re\ouice i\ being 
<lepletcd ai 0.7 pen ent per )ear — 7 per- 
cent each decade, hi effect, the world is 
mining i\mv\f of its cro]>]aiid, treating it 
as .Mieplctahle lesoiin e. not unhke oih 
When most o] the topsoil is lost on 
land where the iin<lerlying formation 
toiisi\t\ ol t<H k or wheix' the pnxlnnU - 
it\ ol tlieMd>M>tl IS loo low to inakeciilti* 
\ation <'toiiomtial, it i\ ahaii<loiie<L 
More cominonh. however, land tottnn* 
iie\ to be plowed even though most of 
the topsoil has hevn lo.si and even 
though the ]>low laycT contains a mixture 
of to]>s<iil and snbsoi], with the latter 
flotninatuig. Other things hettig e<]iiaU 
the real cost ol food prodit< tnm on such 
land IS far higher than on laii<l whei e the 
topMHl layer remams nttact. 

Table 4-4. Estimated Exce.s.slve Erosion 
of Topsotl From World Cropland 

I ot.il hwe^Mvc 



(loiihitv (!r<>p].itKl Soil Ij>\s 





<niiltiori 


(million 




aCics) 






Ml* 


1 ,500 


Sovici I'niOM 




,>.:too 


hidu 




4700 


(UlltM 




3,:ioo 


rot.il 




ll,«O0 


RrM of Korld 


1.499 


10,900 


Total 
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l iiE Erosion or 
Productivity 

Whenever erosion begins to exceed new 
\oil iorniaiion, the layer ' of topsoil 
become;* thinner, eventually disappear- 
ing entirely. As the topsoil layer is lost, 
\iibM>il becomes part of the tillage layer, 
a'<1itcing the soil's organic matter, tilth, 
and aeration, and adversely afTccting 
other stnictitral characteristics that make 
It ideal Tor plant growth- This overall 
<letetiorati<miTKSoiE structure i.s usually 
accoiupanie<l by a reduced nutrient re- 
tention ca]>acity, which lowers produc* 
nvity further. Additional chemical fertih* 
/er can often c<mipensate for the loss of 
nutrients, hut the deterioration of soil 
strucnire is diflicult to remedy. 

llie ellccts of tTosion on productivity 
are not t*;isily measure<l since they arc 
iiMially gradual and cumulative, hi an 
elfort to understand the erosion/ 
|>roditctivity relationship better, in 1980 
the U,S. .Secretary of Agriculture ap- 
pointed a National Soil Erosion-Soil 
Trodiictivity Research Planning (Com- 
mittee. Among othcT things, committee 
mentbers began gathering data from 
]>ast experiments to esiabhsh an einpiri* 
cal foundation for predicting die effect 
of continuing soil loss on crop yields and 
]>ro<litctioii costs. They reported thai 
when com was grown coutimiously on a 
plot in fowa from whi< h the topsoil had 
been removed, yields were only 20 per- 
cent of those on a control plot. In an 
experimeni in Missouri, corn yields on a 
desurfaced plot were 47 percent of those 
on the c<mtrol ploi. In this case, the sub- 
soil Wits a clay loam — a higher-qitahty 
subsoil than 15 comm<mly the case.^* 

In an experiment in t^ast Texas, cot* 
ton yields on land with the topsoil 
removed averaged only 32 percent of 
the control plot's. And in Minnesota, 
yields on severely eroded soils were 
roughly two'thinis those on slightly 
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eMxiotl soils, A M17*.> rx|K'ririi<'ru on 
|>iedtiK>ni soik m (^eotgij tlosignod lo 
riicMsMiro the cfltMs orosuHi on t<irn 
% K'UK sho\* od tliai so crch crodctt, 
ino<UT.ll<'h OH><U^<L and nnoHnlcfl soils 
ii%onigctl xlti, 73, jikJ 92 bnsfirls u'^|>^'^ - 
incK. On thr^o soils. rt'Sr*iuLns cs- 
tniitUod ihfit oa<li (otumuciot oI io|>m>iI 
lost through HJict ctOMon totltucci iho 
,i%<'r,igc <orti Mcld In 2.^4 btishols pov 
.uto.^f^ 

Lo<ui L\lcs. *ni .tgiKtjltin.jl cngmct'r 
\*uhthcL\SJ>c|>,ttttntin of Agi iuthitto, 
h.i^ proMdcd pvobahK tho most toinpto- 
hcnsi\<.' collection o( research icsiilts oti 
thr ciU'ii ol soil orosioti on btid protliK- 
tiMi\. Ihiiwmg oti the \*oi k of r„S. soil 
sdoiLtists hoth %Mthin and outside go%- 
nnniont. \aW\ totnparod 14 indcpcn- 
detu stllUlvs,-tno^fl\ undmakcn in the 
t^oiti hch statt's, to snmntaii/c tho ollccts 
ot a toss ot ono ttich of topsoil on torn 
\iohls, I lis stn vo loiiiid iha; mkIi a loss 
tr<ln(od \iclds Ironi a low ol ^ hnshols 
pci'.K to to A Inghol l>, I hitshcU p(.'t atrc. 

liibio 4-:>) In pcrvciitagc icinis, 
ihc loss of an inrh of topsoil retimed 
toni McUls at llicsc 14 sites b> an a\cr- 
iigo o( <> pmt'ni* Rcsulls ior wheal, 
(h.mnig on 12 siudics, sho\^cd a stinitar 
iclatiotblnp bot\*ocn soil erosion and 
land p1o<ltu tl^-u^, I ho Joss of an inth of 



top^oll lotliKt d %\hoat viclds 0.5-2.3 
btishols prr .ktc. In pcnciUJgc tcrnis, 
the loss ol an iruh u-dtuo<l %%hcat \ields 
jn a%crageof 6 pci tcnt. t \at tlv tho sanic 
a^ loi njrn. (Sco Table 

.\U the snuhcs on sf>il erosion and 
latnl piodn<tnit\ that Lyies cued 
slumefl th.tt the excossnc loss of topsoil 
loitered Mclds nirasnrabh, ahhongh the 
extent ol Meld reduuion ^;1rled, And, as 
noted, (lis compilation ol studies showed 
a lemarkablc sumlarju in the efleet ol' 
soil riosion on the )ield ol whoat, a crop 
tisn.tll) grown nnder lower nnnfall con- 
ditions, jnd that ol torn, nsttjlly grown 
ni jreas o( higher rainfall. Rctenl, more 
<le(ailed research on three soiJ types in 
Mirmesota shows that the elTect of ero- 
sion varies with soil typo and depth. It 
spccificalh notes that on some deeper 
sods, such as the Ken>onsoilsthat are70 
inches ileep, the near-term edects of 
cnivion aie negltgtble.^^ For the world 
as a whole soils of this depth constitute 
a small share of the total an exception to 
the i;ioie t\pitjl iy-S inches of topsod 
fottnd on most cropland. 

Perhaps the most detailed analvsis to 
tiale oJ the long-terra eHecls of soil ero- 
sion on land productivity and food pro- 
duction costs is one tnidertaken for the 
Sonthern Iowa (^on5ervai)0' Di.strict, 



Table 4-5. Effecl of Top.sotI l^^s on Corn Yields 
Vield R<'dtiuif»f» IVr 

Itidi ol hrpM^il Lo^t Soil M<*^(ophon 





(bnsheh/iK re) 


(peiveni) 




l■..l^l <'vn[ijl. ^llnf>]^ 


:\ 7 




,S\tvj;vt[ mU Utiwn 


l*(rt^lr<. Iruhana 


4.» 


4 :i 


Kowlci, U^><rk^tont atid Rtrt 








Sih loalU^ 


(ll.intKlj. lou.t 


1.0 


h 1 


M ll^l1.lll mIl lomn 


t^ttviifiekl. 


:m 




Slielht ^l]f lOiHIl 


Sliniiiiidojfi, loH^L 


i\ 1 


5 1 


Miiisluill ^lll lo;mi 


l)e1hlLtl^, ^fl^^t an 


1 0 


iU) 


Shells anil (imn<h ^ll[ lOiUns 


('ol1]ml>n^, Ohio 


:\ 0 


iU) 


Ohiui s*h 'fMtn 


Wofnioi', ( )hif> 


1 s 


s ;) 


<!anhel<l sili l<Min 



|t( t ^ ^ tr]>01 1^ ( iWt\ in I I'Oll ' l^»^Mh]^ \\l\vi LMrt t lirSKrH Oil Snlt t'l t>(illOl\ LU .' 
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State of the World— 198-4 



Tahle 4*6. FMect of Topsoil Lo^s on WheAt Yields 

Soil Description 



Yield Rediicnoit Per 
[tlcb ol '['opsoil Lost 





(hiishcls/atre) 


(pcrcem) 


f 


Akron, tlolor^wlo 


or> 


2,0 


\\'eld silt loam 


(Vcary (loinits. Kans.is 


1.3 


(>2 


inox asuiluble) 


Munh.iUjiL Ka^iSiis 


1 1 




Stnolun stliy clay loam 


(lolmiibiis. (>hi<» 


1 ^ 




Cropped Soil 


Oregon 


[.0 


2*2 


Deep soil 


Oregon 


2.5 




'Iliin soil 


F.iloitse Arcd* WashiiiKton 


1 (> 


6.9 


(noi available) 



.sot tt< I s ^ til lolls K'ptjr Is i nci\ III I t*<>i\ I.Urs, "Prmilil<- MRstsof \Vind KroMoiioii Soil t^oddciisit).' 
/otitttftl oj Sott and Watrf int\-irt\^tmt. Nos<*nilK*r/I)L*i.<'nib<*l 1975. 



CondiK ted bv an mtcrcUsciplmar} leam 
<>i tlircr s(ictiii\[\* tins analysis assumed 
that soti erosion would continue at rc- 
< cnt r*iie,s* I ht* researchers classtfted the 
degHXM>l erosion into three phases: soils 
that arc slightK emded* with no apprc- 
citthle mixing of suhAcnl atul lop^totl in 
the plo^s layer; those that are moderately 
eroded* with some mixing ofsttKsoil into 
the plow layer: and severely eroded 
soiK. where the topsoil is largely gone 
and the plow hi>rr \s piedoininantly suh- 
sciiL 

In 1974* the base year* 2,1 miJhon of 
the district's 3,3 nnthon acrt^ of crop- 
land fell mto ofie of the three erosion 
phases* with the largest acreage being in 
the moderately eroded category. As,simi- 
ing a continuation of ihe same rate of 
tirosion* ihis would also be true for the 
year 2000. But by 2020* the researchers 
predicted* the largesi share woidd he 
in the seserely eroded category. *As 
soils progics.s from the moderately to 
severely eroded categorj* the amoum 
of nitrogen* phosphorus* and potash 
neoded to grow corn increases by 38 
potinds per acre* (See 'table 4-7*) 
Clost^Iy |)aralleling this would be an in- 
crease in fuel rec|uirenietits for tillage* 
\s erosion proceeds* soils become more 
compact and ditficult lo till* 1 he actual 
fuel incrt*ase **aried widely by .soil type. 



hut on the average the severely eroded 
soils required 38 percem more fuel for 
tillage ihan the slightly eroded soils* 

Soil erosion would not only raise ihe 
cosis of produciion by increasing the 
amoitnt of fertihzer and fuel used* it 
wotdd also reduce yields* For corn, a 
shift from slight to moderate erosion 
would reduce the average corn yield by 
16 bushels per acre, while going from 
the moderate lo severe category would 
lower yields another 7 bushels per acre* 
(See Table 4-8*) Although the soybean 
yield dechne wa.s much smaller* it was 
proportionate, since soybean yields are 
roughly one-third ihose of corn* 

Although there are titile rehable data 
on the effect of soil erosion on land pro- 
Table 4-7* Increase in Ffrtilizer N«fd» 
for Com m» Soil Erodes* Southern Iowa 



Change in 

Erosion 

Phase 



Nitrogen Phosphate Potash 





(pounds per acre) 


vSlrghf to 




Moderate 


10 2 6 


Moderate 




to Severe 


30 1 7 



.soi'ttCK' Paul Ro.sc^iberrs* Ku^^ell Kniitson* and 
Luy Hamion* TrtdKimg iho filfec*^ of Soil De- 
pU'itoii Pro«i hrosioii.'* fl/ i'fli' flW Watrt 

(*(i«irnv)/f<i«* Mas/Junt? HlHO, 
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Table Reduction in Yields of Key 
Crops as Sort Erodes* Southern Iowa 



<!tM<lgC 111 

KioMOTi Kt'<hknoTi »i Njold Per Aery 







(bushels) 




Slight to 








Mode nit I* 


U> 


h 


y 


Model. uc 








lo Scvm' 


7 


'^ 


4 



Lies It,<fm<>(i. "lW<((MmK fhf M<*<fs oi Soil fV» 
pk'Uon From KroMon." a/ SW jh// Va:^ 

CvmnvftfioiK Mas/Jurit llPHfl 



(luut\ji\ foT iiiusr (oiniirics. sonic in- 
si^Iks imo (he irhiuonship am bv 
dvtiwd iioiii illrs<' l\S, studies. Given 
(he (onsiMeiu\ uf tlied<^linr ih prodiic- 
tivU\ citit)ss ,1 wj<le Miij^e of st)il types 
.tiul irops, It would not he unreason, ihle 
to iissume (Imi <i \ijiiil.ir relauoiisilii|> he* 
tweeii soil erosion antl lan<l produt'tivi(y 
exists nt t>lher touninc*;;^ Tor the basic 
cjgrononiK jel*iUon.ships are ihe same. 
ImleetL research <m West African soils 
shows lain) prodiuti^iiy ihere lo he even 
intue sensitive u> lopsoil loss than m 
Ntnili Ameriia/l he loss t)f 3.9 inches of 
topsoil in VV'esi Afrua cul et)rn yields hy 
52 percent. Yields of a)w peas, a legumi- 
nous crtjp, were r<?duecd hv 38 percent, 
fhis ni^iiked decline niav attest to the 
fraj{ilit\ t)f tropical stnls.*^ 



Krosion's Indirect Costs 

When fanners lose topsoil they pay for it 
in rc<)iiced soi) fertility, hui .unlortu* 
nateK the (osts of erosion are not 
(otifiued to the fuiin alono. As soil is tar- 
riecl front the fann l>y tunoff, it may end 
tip lit lt)cal streams, rivers, canals, or irri- 
gation and hytlrt)elccirir reservtHrs, I he 
loss uf topsoil that reduces laiul prodiic- 



tiMt\ iiia\ also rcdiue iin^.itioiL electri- 
cal genetittion. .ind the iia\if;ahility of 
waterwa>s. 

A hc increase in the afiiount t)f irri- 
f^atcvl land in the world vseiit hand in 
liai]<l widi efff>rts lo rai^e food siipphes 
dtiring the third tpi.trter of this centun . 
Often the tentei piece of nation<il <levct> 
opment strategies thiotighout the Thud. 
World, multipurpose dams represented 
enormous investments and an important 
part of the capital stock of new nations. 
Typical of these was ihe Mangia Reser- 
voir in Paktstan. The designers of the 
reservoir projected a hie expectancy for 
ihc dam of'^t least a century. What they 
did not reckon on was the effect of 
ipounting population pressure on the 
H'atershed feeding ihfl^T<.*scnoir A com- 
hinatton of the axe and the plow, c^s land- 
hungry peasants push up ihe hillsides, is 
leading to a late of siliation thai will 
probably fit) die reservoir with silt at 
least 25 years earlier than projected. 
(Sec Tabic One reeent esiiniate 

predicts it wdl be rille<l wiihin halfa cen- 
tury,** 

In the Philippines, scores of hydro- 
elecrric and irrigation reser\'oirs have 
been constructcc' many ol theiii with as- 
sistance from intcrnationat development 
agencies. Here, as in Pakistan, the eom- 
bination of watershed deforestation and 
Sleep slopes being cleared for cultivation 
is vielding rcct)rd siliaiion rates. A re- 
port of the Agency for Internatumal De- 
velopment on the prospects for the Am- 
buklao Dam notes that "the tutting of 
timber and the subse<tuent lt)^s of water 
retention capacity of land stirrounding 
the rcsenoir has resulted in n]a.s$ivesih- 
ing of the reservoir, reducing its useful 
Hfe from (iO to 32 years."2^ 

One reast)n ft)r the excessively rapid 
siltation rates is thai multipurpose dams 
arc (iesjgned by ciigiueers wht) some- 
times fail to rccogni5^e the inipound- 
iDcnts ihey build as part of a watersheds 
which t)ftcn drains an area t)f several 
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Table 4-9. SiluiUon Rates in Selected Reservoirs 



AniitmE * ^ > Time 
J Sihation To Fill 

(:<itiiiti\ Ke^cTvoir Kale Wnh Sih 



Phili|)|>lOC^ 
I uii/nnia 



AinhiiMao 

Maiiimbulu 

Kison^^o 



OiKnric tons) 
i:*9.000,000 

5,800 
19,800 
,^.400 



(years) 
100 
75 
32 
30 
15 



^t>l Mt S \ Kl-Snjih Aral K V l),iTif(]<<i . "H<tiiihl] hioMcjn m the- I'mpKS. A Suce of the Au^'^ iri 



ihousaiuJ sc|uarc niilos. The Anchica^a 
Darn in (^>lombia is a daSMc cxamfjle, 
Krij;in<n\ cx|>rc\sod liulo tuncerti with 
llio silttition problem, e\en though when 
llio |ini)o< t be}?aii fiimKTs ucrc alrcadv 
iru.idiug ihc n[i(ioi ix'a<hcs of ihe watcr- 
shc<l thtit lc'cd> the dam. Within tvio 
ol il!f,tonipl<Mrou, dio dam \\m\ A~ 
XK\\i\\ lost .1 cinai'tc] of its storage capac- 
ity bccan?it' of Mllation,^* ^ 

!ri lu<iia, the incbrect <.osi?i of water- 
eroded soil ore snmtned tJ|> well by B. B, 
\'ohra, (ilianniati of the ,National Com- 
nntiee on Kn\irotnneiTftal Planning, He 
<ibser\es that the "piematnie siltatjon of 
<iui ,100,000 odd i>onds and of the 487 



reservoirs of ourmajor and medium irri- 
gation and multipurpose projects on 
which the community has fnvesied over 
100 bilHon rupees during the last three 
decades is a particularly serious matter." 
He notes that siltarion rates are now 
comnionty several times as high as the 
rate that w;is ^assumed when the projects 
were designed, (See Table 4-10,) yohra 
observes that not only is (he hfe expect- 
ancy of these projects being severely re- 
duced, bill "in most cases there will be 
no alternative sites for dams once the 
existing ones are rendered useless,'" A 
dani site is often unique. Once lost, tt 
cannot be replaced. For India, what is at 



Table 4-10. India: Siltation Rates in Selecied Reservoirs 



AsMinie<l R.ite 



<>lner\ed R.iic 



Ratio 
Observed to 
Assumed Krosion 



(in ;irr(^-feeO 



Bhnkai 


23,000 


33,47,=> 


1,46 




(i84 


5,980 


8,74 


Ma\urciksli] 




2,000 


3,72 


Ni/am Sug:n 


5:?o 


8,725 


16,46 


l^anchet 


1,<J82 


9,5^3 


4,81 




1,089 


4,366 


4,01 


riJii^ahhadivi 


<K79<> 


4I,0,'>8 


4,19 




7,448 


21,758 


2,92 



MH n(,> A(bpic<f from S A jnd K \S D^mgler, ' HtiinMII hro^oti m tin; I ropics. A Stale ^ 

the in Aincn<4in S<k U'U i>\ Af^roiKum. huf^ton trnd CotnewntMn tu tht Tt&pus (Madjson. 
U'lM I98*JJ, .itid C.c-tiilc tor SticiHC ami Kmironmcht, Iht Stait i>f b\4\<i \ hnrtyouiitfni }9it2 (New - 
Ddhr 1982). 
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Comen-vtfT Soils { 67 } 

os\ of this major uricry connecting U.S. furnis 
rrigu- with world markets is w rontintic to 
^ntrol function. 



stake, arronhng to Vohta, "is the U 
the irrcplacedhle potential — for 1 
tion:for/*lectricuv and for flood cc 
— that thw stora(?es represent/'^' 

l'h<' li»t of countries i«ith soil-sitttng 
<lisaMers goes on ami on. The tianies 
changr Inu the eoiiditioiis are common 
Whether in Nigeria. Indonesia, Pakistan, 
or Mexico, the same hasie principles of 
soil physics are at work. When soil on 
slo|>ing hnd is fanned improperly, it be- 
gi'is to move uiulrr the inipaet of rain 
and <'nds ttp in pLucs wlieie it usually 
does more harm ^an good. 



Soil once used in the Midwest to 
grow corn now clog5 the Missis- 
sippi waterways. 



'11k' thinl major indirect rost of soil 
erosion is the loss of navigability. Per- 
haps the most di^matic case' occurs in 
die Pautima Canal. I1ic combination of 
d^lorest^aion .md the plowing of steeply 
sloping mud in the «.ate-shed area by 
landless eampesinos is U^ading to an tm* 
precedented s^]tation of the lakes that 
make up part of the Oiial. If the trends 
of the late seventies and early eighties 
rontmue, the capaeih of the Panama 

uial to liamUr ship])iof; wM he greatly 
rediuod hy tho etid of the eentnry, forc- 
ing many ocean-gotng freighters that 
have relied on its 10^000 mile shortcut to 
make the trip, via Ca; <: Horn.*^ 

Within ihe United Slates, soil once 
used in ihe Midwest t^ grow corn now 
flogs the Mississippi waterways. One of 
the la*'s:est items in the hudgct of the 
Arniv i,or])s of Kngitieers is the dredg- 
ing of inland waterw^vs. partintlarly in 
the lower Mississippi River- Vast qtianti- 
tics of soil Fcach the Guli of Mexico to 
hecome ocran sediment, hot substantia! 
amounts are deposited on the way, mak* 
ing large-scale dredging imperative if 

ERIC / 



The Economics of 
Conserving Soil 

Reccat ILS. studies have rather consts- 
teiitJy conehidcd that soil erosion con- 
trol IS often not economical for farmers, 
hased on stri< tly dollars-and-cents crite- 
ria. The study of southern Iowa soils re- 
ferred to earlier *:howed that the short- 
term cost to farmers of reducing soil 
erosion to a level that would not reduce 
inherent productivity would be three 
times as great as the henebts. 

Narrow profit margins, stich as those 
confronting 11,5. farmers during the 
early eighties, might well meii that if 
farmers were to in\fst in appropriate 
conservation measures their profit mar- 
gins would disappear entirely, forcing 
them to operate at a deficit. They would 
then fare the prospect of bankruptcy in 
the near future. Alternatively, they could 
continue to follow existing agricuKnral 
practices and avoid near-term bank- 
ruptcy, but face the prospect of declin- ^ 
Jug productivity over the long term and 
the evennial Ui'iOtdohment of land, if not 
by this generation then hy the next. In 
the absence of a govcrnmcnt*d cost-sUar- 
ing program similar to those used sc 
effectively tn the past, ji farmer's only 
choice is whether to go out of bnsioess 
sooner or later- ^ 

'ITic economies of erosion control in 
the United Stales has recently become 
more attractive with the adoption of new 
mirimum-tillagc r^ractices. In traditional 
Ullage the moldboard plow* the princi- 
pal farm implement, was used to ^urn 
over all the soil in seedbed preparation. . 
With minimum tillage the \s.rid is « 



State oliht \Vo7Ul—}9Hi 



|>1(>\\(^(I 111 tllt^ Uil(hUliri^\\J\ U'M- 

fhk s jrc" Idt m\ die MirliiVc aiivl ^rr<U^iir 
(ImIUhI <liiccil\ into tlic uriplowcd laricL 
with hrrb>( ifk^ |>r()\Ktni^ the weed <nn- 
iivil Umi iiie< h<(iii(al (uh:\aini\ |>ie\i* 
(>u^^ (lid I he j\.nltil>ilitv fi| hrrl>ic)(l(-s 
eth^tited riiiiniiiurii nlLi^r tii the ^;lln^ 
w j\jhjt thniitrnduUKkii vil (hrii|> i hnii* 
K.il fritih/ri primrtu-d ItirriKTs H> di^* 
|>^lr^^ wiih M(k)> rotiiUoii eoiiimiiiri^ 
lcj;niiir^. Mtite fniuMionlv^ howevn, m 
imiiLMiiiin nlMj^r ruiiMiw ^t^|>^ of Lirifl 
air til)r<l wheir ihe <-iiti. ^oU)eati^. oi 
(Ulirr luw u<>|>^ die pLiriird. kMvin^ thr 
spate beiweeii the nww uikIimui hed. 

Ifi <<>mer\e tueL lo^t-KHiseums I 
!.ii iiin s \\(^i e .iIkm<I\ evpeririieiiun^ 
\AiUi\\\ tefhiiefl ulLi^e prjttues in 
I he e..iil\ se\< nhes. The oil pi lee jiiinp in 
WMS i<']nl<ki<^t ihi^ <haii}*e. I'he fbrtiii* 
Vinw n.iiiiie l^ih)^ <le\e]<kpni'. rii Ires in 
It^ elh : X ikii M>rl etoMvkii. Willi LiihI rXkt 
Ikritijk j>h>^u'(t diid < I i>|> i''M(hies leh i>ri 
Uk' suiltii<'. i\ protected lioin uin. 

and TUilnll is « h Ww. I he l eMih is tlhit 

id) met ^ .i(topttii); niiinnuiiii-till or rio*till 
pi.iiutes In (v>inei\e hiel have tli^cov* 
ei<-(l ihal ihev.are aKo ck)ii^ri\iiig their 
s(kil lri<li\idiial {.miiers diking tlierr own 
( <Kt-lvnefit ( ulalioiis ( ouhl weigh the 
- iipoildtKe <kl }>4ktli etK rj^> and soil sav- 
iti^^ III <l<ei(hn,^ \vliet}ier to a<](>{>t die 
new pui( IK e^. 

No[ all MiiK aint not all MUuitiotK tend 
ilietiiselves lo nniniiniTn tillage ' ich 
limeades ^^nl nnkiMnte and ^I* tvs 
tenipejatuie r e in the ^priii^^. In atea^ 
Midi as the noidiern eorn heU. (he short 
>;[oWLiig reason <ould leMtia the adop- 
iiMtKkl rnniinunn tiltag<\ Still, the growdi 
III i<-dn<ed ullage aciea^e in tt)C I nited 
Sti**i"s has b<eii leiriaikahlv steadv, iti* 
ueaMti^ <\et\ \e.it Mtue <)cita 'ollection 
'M jja^* ni H*72. Iti fhji \eai . .iieailv 30 
leilhfui a<i<'s — toughU one-tendi of die 
<nltr\ate<l aiea — was in lechued tillage. 
<See Lible4-M.^ln I l)S:i. it h Mdi< d I2(i 
ithllioii acies. fTin -tliud oi all the land in 



TabJe 4-11. U^'ted Siate$: Conservation 
Tillage, 1^72-83 





AlCh III 






(^iiiiserv atfoii 


J 1 jncsied 


^ e.ii 




(aoplnnd^ 




(milhvkii Ai 


(permit) 








1 *.*7:i 


9 




1 1*7*1 




H '1 


1 (J 7 5 


5'1 2 


IC.7 


l(J7*» 


.')9 o 


17.0 


l!*77 


70 1) 




1078 


74 8 




1979 


85 2 




1980 


88 5 


2.'). 1 


1981 


99.0 


^J7.5 


I98L' 






198:* 


I2rk.8 





^'^Ik.iie n\ fui\fS(^-(| ftdpLkml. 4jlMilJlk-(] U\ 
UorMu.iuJi. |[t<Jiidk's .iird fM|\oU-d Jlid lh.it (in 
fi * t*t]i^ l.itJdt 'hsuin.iU'^. ihi- <li»kk\er\4aidti 
I kJ|.i^<' inftjrm.UKJh <.t:kiu-i puis ihe l<)K^ Ikgkku- A 

s^iimis \o-fiti t'a *ifr M^idk 1^)8'J jkktt Manli 
]'}8;f. U'f^riau.iulk Iik\ntai4- 

"Despite Ihe encoiitaj<iii(5' increase in 
tile use o| nnurnumi tillage, there is little 
inlonnatiori to <late on its impact on 
^evereh erodin;; land. While noting the 
ena nniging spread o( rcdueed tillaj^r'? 
larining pntcnee.s. Rc^>crt Gray of the 
Anirinan ]'.niidan<l I rtrst observes th^t 
even inininiiini-till and no*[dl practices 
should be (orsworn on the mo.st severely 
euxling larnl. whicli should not he in^ 
pioduetion at all.'*^ Preliminary observa- 
tions indicate that niinimmn tillage is 
being a<U>pted by thc^ more progressive, 
innovative farmers and that till too often 
these aie not the ones on marginal 
lan<ls. which are eroding most severely. 
Nonetheless, the overall eflecl of niini- 
imilii tillage on sod <onservatioi] must 
be >i<f{\ed a^ positive and hopeful 

Althongh roiighh ^one-third of LKS. 
crt^pland was ininiinimi-iilled as of 198.^. 
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tilo [>ia< h(r ^ ii<»( widrK. \i\rti hi oiIive 

(jmoiijI to It Foi o\jrii|>io. 

ihr n\o SovK'l ^^K'll^^^^ titrfl oarlK'>. 
who K'poi U'd oil oii\ iioninoiMal [)[ot(^ - 
Moll aiKl J^iif iihiii(\ iioU'<i liiat "a 
mvtliod i[i wIikIi tlir ^oll Li\n l^ Jiol 
hMtk^illl iIk' lJOatin(']|t o[ tllO illl^ 

lu'ori tlc\ rloprtl and ha^ ht rii widoh eii- 
iio(hjM'<f 111 pnxltKhon in Krl/Jkh^lan. 
iho Alin. Ill I ejK. hi llio l.<n\ri 
\'ol^M aiKl oflk^r l^^[orl^ " I lio\ ai^(f in- 
duatr<i lhai tho ^|>('< Li]i/o<l I.Hni o(|in|)' 

rnnii iUtc^ 1 loi mini titl;i^r i^^ 

lKnii{4 iiuniitiK unv<:l in SoMot 

t IIKfll 

Somr ol>^<'l \ < LlIIII ihdl rfOMOII 

<<>iiMoi l^ paiiKiilarU iiiu-tononiKal nt 
ilio l'iiite<i Sl,lto^ br(an^o oi ihoururain- 
molod piiiMiii ot |>loflt^ Dnt .ill iikIi^.i- 
hOTK arr ihiit prodiu hon c|nuUl^> l^ iho<l 
III tho SoMot rriioif loi o\aiupk\ aio .ii 
loaM a^ Jt^UiittiU' ol MJji'. *i^ilh' j^iohi 
inohvo/riidol iht* So\irl ^^^U'n^ farm 
ln(llla^ol^ iuc |u<:lgo(l [K>t l)\ vtivi' 
Tivoh tho tonhpl ^Oll cioMon bin bj 
iiow Mjt< o^^^lli^ (lu'\ ill! tpioia^ In 
\Vr^tCl II coniiM K'^. laiif low iirr^liip. \>ji- 
iKiil.ii*^ witlnii a tarrnlv. bllrlg^ wrjh n a. 
coriain ^orl^^ t^f slew aulshi|>^althon^rli 
llm ob^1ou^lv tan bo uckloii b\ oto- 
noinic fo^tc^. Smh a tlijrtl ^oJl^o <>l 
^tov^a^l^hlp ^I'K■^ not rxiM in the S<j\k'| 
Inioir 



Farmers adopting lainimum'till or 
no'tUl practices to conserve fuel 
have discovered that they are also 
conserving their soiK 



(>thol^ thai ilu- r^onolnn^ ol 

ol<)^l<)n <:<>ntH>l v\iirbr(<:>irio <:Umi niton 
troplajut \ahlr^ do^lnir a^ ^oll oiomoii 
^cdluc^^ k>ng-<orni land prodiKtiMiv. 
rnlortiiTiaioK. tho K>^^ <>( to|Ks>il cloc^ 



[tor altri iho |/iiVM<af a[}p4.tKni(r t>i lUc 
land ni die ^llOM miei. itui dof ■^ ii ^lu>\s 
tjf) J\ an iiinTiodi.itrlv ETioaMii ai^lr lo^^ of 
[)iodiK(i\M\ (ii\rii dir oUk i la< ton Hi- 
iliK'TKin^ I. Hid \ahlo^. mkIi a^ iiiji.ition 
,Mid dit' ^pr<u)au\(' iiaHiio of iii\c^<- 
inriiK ihr olh < |^ ol ^oll (-iomoii on laud 
\ahlo^ .11 r siiiiph iioi'-v im]>Io in dir -lioM 

[ Mil 

(iitn o^l I (ltc'^ iiKo ano< I iUv onoiii- 
K^ <)[ ri<?M<>n (oiittol I ho bi^hoi nit or- 
o^^ ra^o^ aio. dio lo^^.^lMla< <i\o bojonio 

lll\0^tlllOnl^ l[l diO ^Oll <: <>II^Ol \ at lOII 

k'(lnlKpl<'^. ^lKll ,l^ loHaOii^. that pa\ 
')lf o\or*tho lon^ »oiiii Iridood. ln^olo^^ 
[^i(o^ iiiivo boon ^o high [11 dio riiito<:l 
Slalo^ in ilio oail\ oightk^ dial fa^l^o]^ 

Iia%<' Sllll|)l\ tXL'Oll iiii<it>lo l<> OOllMdt't 

u'iK>tKl\ iiioM ln\oMlnolll^ ih.it ha\o a 
l<>nj;^toini Va\bji 



i m: GOVKRNMENTAL ROLF 

Alihou^li tho ( liaugo'' ui d^iuuliitra 
piattkos noo<lr<:l l<> t bt*t^ o\i o^M\o ^ol 
Ol o^u>nJ an iiMtalK ho iiiiploiiioniod oiih 
b\ la|■|llor^ |lKMll^ol^<: ^. thoio aio ^*.^o|■|l 
rlMM>n^ wh} hriii^in^ <'toM<)ii undo] 
(oiiti<:>l lOf|ln^o^ g ^\oi ninont ni\oi\o 
fiK-ni. ] o iH'gin v\)ih. nhin> Kl^mol^ <an 
nol oaMi\ doloi niin<' wholhoi dioii oio 
^[<^^ r^ <"\to^^r\o- ^^<^t^trllng dio &>[IckUmi 

l<>^^ ol ^Oll lC(|llltO^ ^UOllll^k tc* llnif|UC^ 

ar I o(|iii[)nioni: doioi inniiEig whodioi it 
IS o^(oss1^o lo(llllJo^ iiif ol iiialion on t^^l 
oraiitc lo\oK loj ilio pjiiK iiliir n<)|>i:*nd 

in ^^llo^llOU. 

Anothor \ oa^o^ loi ^o\oi innoiit in- 
\ol\oniont l^ thai indi\Kliial laMnol^ rii»\ 
bo unable Uj allord tho ^on^o^\atk>ll 
p^a^tK■o^ thrft aro iioo<locL h iua> inako 
^o^^o loi' ^o^lOl^ to lll\o^t HI s<nl con^ol- 
\aii<»n o\on il 't n nol piobtctblo loi iho 
nkliMduat faiinoi. OiiK govoiiuiiont ^.m 
(.ikulalo iho loiig'toirii l^gJ;lOJ^aloco^t ol 
^oll oiosion loi tho [ijtioii a^ a wholo. 
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iiidudtiig ofM.iritt ( osts mk Ii ,is the sill* 
Hvliucd LapaLH> <>l img.uioti u'st^'iNoiis. 
iistirock'tmt rcstT\oirs. or waUT uatis- 
[>on svsft'tns, 

I Ik* hist step for go\nniiU'nts iti 
(ouutiies wlit'icsoil noMoii IS l>t'lu'\cd 
to bv t\ sctious tlirctt IS to as^t'ss tJtc- 
hill\ th<' ('Xt<']it of soil loss Otils wlu'ti 
stich ail itnniioi\ lias been doiu* i.m .til 
the tieeded national tost-benefit eakula- 
tioiis be niad(' and tlie appropriate ron- 
s(i vatioii programs d^M^^iKVi. In India, 
loi ('xainpU'i w'liuh lus a Copland hwc 
comparable in to ibe Lnited State'!-, 
and whicli has ih broad estimate ol 
sod loss. It IS otimated tbat a (onipre** 
Ik'iisi\<' nattonwidi' soil m\mtoi\ would 
toM soint' $;iO nidbon — a small price in- 
<brd uitnpaied wub the contribution it 
(<ml<l m<ik(' to nioir mt('Ili};ent pobcs- 
ntjking. 

Most ^ov(Tinnentsalso lurd b('tt(Tni- 
bmn.ition on tlu' rrl.ittonslnp bttweeii 
soil erosion and land |>rodnett\it\ than 
the', now ha\e. The Nauonal Soil Kro> 
sion-Soil I*roduttr\it\ Reseaith Plan- 
iiin*! (lonmnttee m the I nued States 
notes that ''stub evpcntitnit*^ are cosil\ 
.ind tnne constnniti^. Veai*; ol data air 
nrt'ded to e\akiaie theellet ts ol ihr jfen- 
eralls slow pioeess, "** 



In some countries, the cxpendi* 
tiires required simply to stabilize 
soils dwarf the total appropriations 
for agriculture. 



I be National R(*se.iub (^oiiiinittec of 
the L\S. Sod Conseisaiioii Ser\ite tails 
wori^ on the enision/pi odnt iisH\ rela- 
tionship ris lop pnoiits. A theoretual 
niotVI t alletl the Krosiojid^nxliK ti\ it\ 
linpatt ('ak'ulatoK deselo|K'd by tlu> 
partnteia ol A{;ri(tilttire. i> deigned to 
esabiate both the plusual pnxess and 
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the eionoitiK tonsrtjuentejs t>f erosit>n. 
A hodtiitnit\ Index that takiilates \Uv 
ratio !>etween atttial and potential (Top 
vields at various levels oj soil loss has 
t>een applied to soils m the major crop- 
producing regions of the United States 
and rs being tested on soils in Nigeria. 
Nfexico. and India. Hut the uselulness of 
sudi models will depend on the pains- 
taking eolleaion of years of da'a on 
nany soil types, an effort tbat has Just 
begun. 

\1obdt/ing public support Tor ade* 
(|uately landed sod conservation pro- 
grams will teciuiit. ^xteiisive public edu- 
cation on the dimensions of the problem 
and its many eonseqneiiees. Scientific 
proof of the necessity of soil conserva- 
tion IS ntJi suflicient. AUliough soil scien- 
tists can chart a nauonal plan of action in 
detail, as they have iti the United States. 
tbe\ caniKit call forth the political sup- 
port needc*d to f tind and administer snch 
a plan. At this point, nanonal political 
leatlers must become involved. 

Perhaps one of the best examples of 
sitth involvement occurred in the lJnite<I 
^ate> during the thinies when Franklin 
I). Roosevelt v/us president and Heni;y 
Wallace wassvcretan of agriculture. De- 
spite the fact that tbecouiitry was m the 
midst ol pel haps the worst economic cri- 
sis ill its history. Roosevelt and Wallace 
conviined the U.S. Congress to fund 
within thr DepartiiK'nt of Agricnltnre a 
new agency — the Soil ('onsenatior <S " 
\ice — tha *AOuld liyve the responsibn- 
ny lor administering a c<imprehensive 
soil conservation progtam. Roosevelt 
proudly took credit for die planting of 
tree shelter belts in the Great IHains.^* 

The ingredient ir^ >^ing Irom unsuc- 
cessful responses to the growing menace 
ol soil erosion is political will grounded 
in awareness, (^ver 'be pa^t gt^netation, 
sfores ol countries have become food' 
deficit but few have linked the shortages 
with the depletion of tfieir soil by ero- 
sion, hi mau^ (ountries people know^ 
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thai l<)<>(l u c\ I iMii^, fun iiiosi 
tlnii't . All utidoi MiItkIjii^ 

ih.tt lost soil iii<\nistoA\ri inhoioiit pio- 
<lii<ii\ii\. 'Ahuh in iiiiM MKMMs (OMiroi 

Uy^ui. \s noctloti Eo lii<lil<aro .1 iLttZOlLiI 

soil (<*i:s('r\atn)ii oiliu 

III iiLiiiv pi rfloiuiiuiilK r ii; I \o< irtws 
whoio Vi)o\| poopk' .IK' iltitoi A{<' An<\ U\r 
M iUr s<ib'iM(on<o li'\d. .1 Li<k <>i [)iil)lr( 
mtt'iosi III so\\ toii^oniiUoii li(Vs Gthoi 
n>iH\. KiniK'i's ill iM.iii\ I Um\ World vil- 
^jgo\<ciii II iisUT hftio toiKoiri ;il)<iu! ilic 
liitnir wlioii H on iiniiirdLtio Mir\i\iil w 
III <|ii<-Mi<nL III IikIli. iop<>ri\ B B 
X'ohiii. ";ni iiiforiTiotlptiblicopiiiioii nin- 
iiot . . hr wisli<"'i m'o oxivioriro (>\oi 
iiLglii A giCi<! <U\t\ o\ paiii^iiikitii^ iiiul 
pjtK'iii \foik will li,i\<' to 1)0 dotio 10 wipo 
on; ilio htil Vlu^oi igiioraruc. iiicttici aitd 
(oiirpl.r<oii<\ 

III iiiiK li of xUv Id to(lj\, oiilv ilio 
willin^iU'vs of ii.itioii.rl ^o\oiiuiionis ;o 
sliaio du* <oMv of Uio tK'odod iikmsuics 

^ICII JCKIJ^. (<niMMll Iclt lllltlg. MMj; 

i r<)))pi>i^. (0\ri (l oppiiigr Totaling 
fnips t.Ulowiii^. jiiid phrnting ^hclicr 
bclK — VkiH iikIiko t^rruKTs lo ti^lii soil 
i'iosit>ii. Olio World B.iiik ofluial oU- 
diat if cill dio Baiik\ (^ipitcil ro- 
soiiurs ol S*? [>illion poi \<Mr wriT do- 
\oU'<l lo soil (<>riior\aiiotL 11 would 
<(Acr otiK <r miihII lra:iiou ol die land 
cilicdcd b\ rroMori "^^^ In some u)iiMtricn. 
iIlo ovpotulrtiiros t<'<|Uiir<l Mrnpf\ 10 sia- 
t)ili/o M>iK dw.ii'l dio UiiAi .ippiopiia- 
iions Uti j^iKtilriiro. 

Within dio MKialiM <'((>nomios. wIk-H' 
];ni<l pid>lirh ov 'it-d and /n- 
inonts .IK' <liio<il\ I ^ixuisiblc foi iho 
<|U.ilir\ ot Liik] irLiiia^ciiiorii, ihoir is a 
ii<*c(l loi ilio iiilin^ olitos ro ho odii- 
(iito<l aboiii ba\i< agioro»i\. V'nloss na- 
iioti.il pohinal loadoi^ ijird'orst.nid dial 
a <ottnM\'s 'on>>-*oinr vdiiiiv dopoirds 
oir pioto^ini^ lEs cioplaiid. il will \>i^ 
diliuuh to j^ri tho iro(ossai\ (oiiiriiii- 
iiioMt of UMdoidiip linir arid ilio bud^o- 
ta.^ iCvSotiKOs lo Mippoit an rllo;tf\c 
(OMM'iAatioii piogiam. 



l \)h: (iLOHAL BaKANCK 

I lio lon^-lorni \o< lal lliroal p<>\o<l \}\ tin- 
(oiiiiollod soil oioMon icUM's ptofoLiiKl 
qiio^tioir ol int('igonoialH>tial otpiitA. II 
oui goiioiatioii poiMMs III milling ilio 
so lhal w< itia^ eai. mam ol out 
<.hiUlron and dioir < Inklton nia^ go linn- 
gr\ as a iosiiIl Agii< tiltuial ototioiiiint 
L!ov<l Kisilici ofdio V'iii\ci sit\ ol Nc- 
biaska ol>sor\o\ that dio <|nalii\ ol oui 
<liot III tbo jntnio will bo "subs^ianiialK 
b>wci .iikI dio <osts diaiiiati<allv higher 
il tho nmnageiitcnt of our land and w^aior 
Ksounos IS not impro\od/' Ho nouw 
htrdior that "wo must toaN<Mo hcliavo a\ 
il ilicro woro no ioiiiorn>w\ or loniorrow 
wilt he bleak indo<*<l lor ilioso who tnuM 
N|)ond ihoir livos dioro."''* 

IVrliaps ovon ttioro iroubling dian the 
< tin out loss of an csumaicd 23 bil- 
lion tolls of top'oil from iho worlds 
cropland each >f:ar is ihc likelihood ihai 
die pioress 1*! aaeterating as nihivaUon 
IS extended into ove" more marginal 
areas, hi a world ivhero 79 riiillioti [jco- 
pie are hetiig ad<lo<l o^eh \ear and wlioro 
the gro;*t rnjijoriiv o( the eanh s inhahi- 
lanis wanl 10 iipgiade iheir diets, the de- 
mand for food rontiinu's to elimh. pndi- 
mg larnters otito more *>t<'cpl\ sloping 
lamls. 

Soil oiosioii IS a ph\siciil pioress hut 11 
has iinmorons economic i otrso(|iieri< on 
for prnes. pro<hKti\iiy. nK<niK\ and ex- 
ternal debL I .ahor pnxliK livii) is 
alieeie<l m thai as soils are depleted 
through orosroti it l)o<omos more dilh- 
(iih lo raise die tHitpti. ol thai snhsian- 
tial sh.no ol thr worKI labor for^e thai 
works on the eiotlirig land, hi largeK 
agrarian societies dm dotnioration ol 
the I t sonu e base iii.ikos il moio diflit nit 
10 laiso iiKomo pel pei^iiai. Kmihei. a^i 
gKiwdi in lo<id ouip>Li niows. so doev 
o\orall otoiioiiiK otit|^ it. In laigeh 
nii.iL lo\^-iri(oine sotiotios with lapid 
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|>o|>iiLiu<)Ti ^rowih this (.111 Uuiintdto iiiio 
drdiiirrig poi cjpiu tii((iiii(\ .ih ii .ilrodiK 
li.is lor .1 do/on (oiiriino!* in Africa. 

()\CT itio longer torn], vvorld agricul- 
Uir.il y\M\v pciiirnis .iiid the niKTnd- 
tion.il (Ji'bi snrit tiiro vvill .iIm> l>r c)Ii<t<'() 
.\s soils jir depk'ird. < onnir \vs jro 
loKod rfj ni]|>ort imt\ ro Hdtish ('\('ii 
iTiiiiiriLiI food nocd\. Scoios <>( (oiiiiirK's 
in Iliird Woild and t^jHUTii t'uropo 
lirid Uioir nil 01 II,] I tonal indt'bu'diicsH 
hniig jg^ia\,iKxl fnnhrr h\ Uicir 
(liioiiK (i('|)('ii()ciKo oil iiii|>(>iir<l food. 
.\iid ilir lossol ropsoil will an nior* 
g\*JMi -io{>soit snbsiiiiitioii as ii iiuirasos 
di(' iK'cd tor Icrnh/ci andfnol lor ullage. 
Othri llniigs bring 0(|iiaL the less top* 
soil iline IS. die tnore eneig\ is needed 
lo pr^xliKe our food. 

I n efloTfs lo ( onser\e soiL die world ih 
1,11 iiig ]>(x>i \\ 1 liei e aie no iidiHliidl \U( - 
(esses, no modds Ui.it odiei (onniries 
(.III ('nnil.ite In ihis lespcd. soil <oiiser- 
\aiLuii u>niiasis siiajpK \si(li oil lonsei- 
\.nioii. wlreie s(ores ot coirnines ha\e 
(oiti[)iled iiii|>iessi\(' re(oids ni rciciii 
\(Mis. Alniosi (Acr^^shere dependeiite 
on [X'tioh'UMi IS dednniig as ii i;^ used 
nioie t<fli( ieiitt\ Hirt rheieis iio par.illel 
wrdi sfiU ((nrser\aii<?n. e\eii tltotigh soil 
IS .1 iar more essential resource, 

I lie i('( liiii(|iies for .riesiing soil ero- 
sion are well (^stahhslred. bin halting ex- 
lessiM' soil erosion i\ nor .i simple ii<.ir- 
tei e\en (or an agi k iilttiiallv ad\ciir(ed 
s(>(Ki\. l\S. laiTii piogi.niis o\ei" die 
\eais liaM' denionstt^ited di.it land ran 
be widilield hom prodiKt]on lor eeo* 
r]oiiii( rc.isoiis. Wh.it needed now is 
die lineal anon o' (ropLmd sei*as]<le 
f)(jh( ICS >hitlr soil (i>ii\er\.itioii Jieed^. 
;joh<\ anaAst Kenneih Cook observes, 
die I'lnied Si.nes h.is "no policy lo use 
^ die good 1. 111(1 in pie)eterr( e to tJie worst 
Indeed, wnh ies{>e( i (o iiianliiiig export 
demand to the irteds of I'.S, f.irmeisaiid 
then hnid .nul to tlie need\ of people ^im\ 
iesonr<es in the <)e^eloping world, we 
do not lia\e responsible pol]c\ at .ill. We 



ha\e a sin]ple*mmded ^akv\ qiiota/'^^ 

The e(oi]oi]ik and polrtkal pressures 
to prodnie more lood in the short rrin. 
with Irttle regard for long-term conse- 
quences, ha\e permeated the world food 
economy, tor rhir<l World countries, 
('fir(ti\e soil (onser\atioii iiittrati\es are 
p<if ticnlarh drflunlt, romplicated by 
iragiriented laii<llioldirigs. The l<r<k ol a 
tethiiologKall> sophisticated fann pop* 
ulation makes the implemertratioii oi 
Conservation tillage a difTiciilt nndertak* 
tng. 

Although there are no national sric* 
tess storres. there are oK.isional signs of 
hope. One is the trerul toward rednted 
tillage in the Uiate<l States,, which was 
iriggt" d h\ farmers' desire to reduce 
fuel consumption and ojKTating casts. 
Atthongh so far the farmers wbo are 
turning to reduced tillageare not usualb 
the ones with the most rapidb eroding 
soils, reduced tillage may bet.ome an 
econon]tcall> aunrniv/' f^rsr Hnr of de- 
fense against erosiorr. particularly given 
tlie high cost of (onstrutirtig terraces 
and adopting long-term rotations and 
other traditional appro<iches to soil con* 
serration. Stabilizing soils that underpin 
the global economy will require wide- 
spread alterations in agriciihural prac- 
tices, including a reevaluatioii of the role 
of the plow, rile changes in agrK ulttiral 
practices re(|urretl to arrest soil erosion 
wril not come easily. 

Anothei em onraging devclopnient is 
t^at the uiternational sciemific coiiiniu> 
m\ IS beginning to respond to the eio- 
sion flireji. .is evidenced by sexrral 
recent coiifcrentj^s .rnd specralb com- 
misAiuned scudren, The hrternational 
Congress of Soil ScieiKe, which met 
in New !>ellii in 1982, focus<'d on the 
need for a world soils polrc\/ \*i earK 
1983l the Soil (loiLservation Society of 
Amerk a convened an international con- 
lerente on soil erosion and coriser\'a- 
troir: some 145 seienti^^s from arotmd 
rhe worM [.*'esente<l p^tptTS. And the 
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piiblrshrd |>i<>< ('cdirif;^ oi an inu-r iid- 
Monal s\rf))>oMurii ox\ s</il rrosioii rn ihr 

i}\ct iiiv toii^ci intT). soil rioMoi) \% ill 
\vm\ to hl^hor food piitrs. Ilrirl^n . lUid 
qiiilr possible |>rrMslriil \nH krls ol f.uii' 
iiK\ Allhoufrh tlir v^orltl rtorioiiiv li.is 
\tr.iUmr<l il so\U4kllold iikkmst in rhr 
|]fiuc-ol oil i>\r) iIk' p.i^ <lc(.id(\ It \\ not 
wrll t'(|iiip|K'cl to tojir vnili r\rn nioilt-si 
irscs ir) iiw (>ri(r ol loo<L 

In iUr iihsriii r ot sn< c cssf ul rf|oi to 
sirrn ihr loss o| lopsoiL ihr sot uil rllr< Is 
ol rrosioii VkiU |>rohjl>l\ liiM wrn in 
Aliu .1. trP'tlk' loirn ot .Kiiir food sIkmi- 
.i^<'s .iri^F Iii^Ik r rnon.iln\ r^tus, partitn- 



Knl\ loi infiinis. AliiCcrs rrford popnla- 
iif>ii ^lfn\lll (IikI r(iiij|i.nii soil c'rtjsion. 
jnd llir absrrn t' oi an rflr( ti\r ios|)<nisr 
to ritlici\ roitibnu' to riisurr ih:it dir 
( oniinriit till be .ir iIk^ forHrorii ol tins 
unfol<lriig ^hib.il utsis. What Ts at siakr 
}\ noi ninrh ilirdr^HKl.nion of mjiI, hni 
iIk' d('gij<lciiron oi hit- iist-lL 

}|islori<ii|^\. soil t'lOMon a l<i<(d 
{>r<j|>U'rri. In<li\i<ln.il n\ili/aiiofis v^lio^t-^ 
lood s\si<'ins v^vvv M idtTrtiitird in rarhor 
urix's fU'diruvl in jtolation. I^ut in ihr 
lnl^^IJt^<l ^l<jl>al <'<on<jin\ of tllr latr 
iVkrniioih (rnui<\. foo<l — likr ort — is a 
(^IoImI (omiti<i<lii\. I he t-x* rssno loss <ii 
loptoil anwkliorr itliiniairh allrds lixid 
(itiM's r\rnwlK'r<\ * 
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Protecting Forests 

Sandra^ostel 



StiMiiiriiiig tW wnild's lort'Ms prcH'iUs a 
lujjoi ^IoImI (h.illciijro. With vwv 
^iLMU'i <i<'ifi.iii<K toi fiK'lwood jiid vvoo<i 
|>rot!iu!s (Ilk) for Liiu) u> lc<Hl*^n>\viiig 
po]>iiIatioiis. fiicssnrrs t>ii (oit'Ms ntwiU 
v\i:v\v,\\v\v dvv iiuuMsni^, In iKe imp- 
i< V tins |>rossiirt' is most M^iHc in iht* 
cIcloirsEation of .n Umm 7.3 ntiltion 
[ju's <)l <U)\<hI li>res[ aixl 3.8 miltioii 
hctiai cs of npc'ii wtHKilantI cyVh >car — 
.iniiu.il loss iIk' m, oI AiisEtm ;ifki 
All>;iiii;i <oiiibhio<r At this nirc. tnipkal 
ftJU'Ms will shrink ^^\ \i)~\:y poitoni l>> 

Iti sonic iciii|K'rait' regions, where ihc 
toiesunl .irtM^lias hern suible. m\ 
polluutnts sndi .is snHnr <lioxule. iiiirn- 
{jxuh's. an<l lie,i\\ niei.ils ,iie ilii tMi- 
eiiuig Itiliur forest gn)\\(h jinl protlnt^ 
ii\it\, riie ultimate exttnit and se\eni\ 
ol ilns li/atfi leinains a jarge <|iiesti<>n. 
Vei existing nnnnisiantLiI r\u)eiue i)f 
|>f>Jliitioii indiued <l.inia^e iinw renders 
(nmnuml lt\els {>( ii>resi pn>dufti\it\ 
iugliN <|[i('stK>juhle tn ini|K»rt.nit re> 
gums, p.nruul.irh tnutal Kniope and 
eastern NomIi Aiiieii<a 

IVIoiosiaiioM appeals u> he .itle<ting 
not ()iil> oiii njtiir.il s\Mcuis hut oor 
e<oiunnK ant! social systems as well, 
t'nohvtjod IS beyytuitif? t{»t> expensive to 
\ S 
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bii> and too scaue to gather iov man\ of 
thai thirdof humanity who have no other 
source of cooking fuel. Hoods and 
droughts tliat many believe are more se- 
wxQ because of deforestation have cost 
iniHions in lost crops, cattle, and human 
lives. As never before, unmitigated ero- 
sion of the natural resi)Urce base is hav- 
ing cleaiK visible e<'oriomic ami social 
costs. y 



/Vh^ Forces Behind 
Okforestation 

Mo.vt nnmbers describing Uie world's 
forest resonrto ba:>e and its destruction 
are estimates at best. Many countries 
ha\e not \et fully catalogued their forest 
resotir<es .iiid the <pialit) of available 
data varies greatK. The mosi thorough 
study to date of tropical areas was comp- 
leted in jtily 108 rb> the Food and Agri- 
cnlttire Organization (I'AO) of tlie 
I'liited Nations.^ 'though compreticn- 
sMe in scope, the report may be overly 
optimistic in light of FAO's obligation to 
at cept ollirial f;;;ures from national gov* 
erriUK iit.s. figures that may not he wholly 
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(ifuiutr Nniu tlx U-ii. t\\t ^UuU. \^hi4li 
tin hj<lc'<i 4 oi 1 r^|M>ii(lrni<^ >Mtli 7f>[i<>|>i- 
< itl < oiJiitt jikI the tr<l iiM' of ^lU* 
t-lliu- ini.i)>(-i\. ^<K-^ .1 loll)! toward 

iiiJi<-|i[iM)> tilt < liir< lit ^MtU^ *ii Uo|)P 

(.onihinin^ < ^tiithiu ^ tor tiojiual 
ir^^ion^ witli I S OiiiiKil loi Kn\iion 
nu-iu^il (^Ujlit\ ti^mt ^ loi ilii- K-^t of iIk- 
\M>]kl \i(-lds a lou^^i ])i<iiir<.- ol iUr 
woihl\ lor <. ill. \Vo<)<l< <l lands ol all 
<o\(i ahoiil rSfl IhIIhiii hiil.rit-s. 
^iii auM iiii>i<- than \fi\Av llial in (Kp])"* 
iSrr lablf :*-].} i)\ri hall llm ait-a i^ 
<l ' jM tloif<l foifili, \ilifrr Uk" 
i|ia<lr lioin iu"<- <iowiim j^>rf\ t-iu ^ miI)- 
ir.iitihil }>iiA^i}i ol ^ta^i. N<Mrl\ half 
ilu-ic ar<'.ii .lie in the Iropn^. \viih South 
ai]<l (^<-niMl .\ rut IK a a< (oiiiiiiii}^ toi 
OIK -<{uai U'l ol llir doir<l lor<"ilM woi lil- 
\M<hv .VhtHit 'Jr* |KH<"i I <il ihf loial l<»r- 
iiH"<l iirtM ii o|)t*n \io<Hllan<l — jit-a^ ol 
inix<-<l ffHt-ii .if]<l ^r.iiilatHt i\|>ifK'il h'- 
ihr (.<-rra(lo in l^..i/il arul iht- \^oo<l<-<l 
laiannah ol .\fti<a. "^hort-ii l,iil<)\^" u-- 
li M lo art . 11 (ItMicd lor *i^rn iihuM' (Uxl 
m \aMotii Miigfi ol U"j5U)\i ih. sn<h iinai 
rn.i\ agant support aititutal oi naitnalh 



ir^riKiaud f<Htst. Shtuhlandi. i^lnth 
f\|)i< (ill\ Mj|)|ioi t \( taiion no mIIci 
thttii M"\tn iiut<-M. air io ^t\fu'l\ <li"- 
Krad<<l. titlui bf<anif ol .i \ft\ ^hori 
fat]o\i priiod f>i \ri\ \unii Mir (oikIi* 
tioHi. that natural fou->i ir^iowth i> vir* 
ttialh iin|)oiMhU-.* 

I hoa)>li <<>ii\(-i lioiii ol loi(-^il(iii<l aiv 
o( uii nn^ r\(-i Wsliri <\ lai ^<'-'>< ale < \<\{i - 
iiig ol lon-^li liiktM platt' |)iihiaril\ Ui 
iro)*i< Ai U-a^l >onir of thccoiitiiiii- 
< oiiiro\ <'ii\ o\('r ralci of tropual 
(l(-|o]<-itation <U"ri\tvs honi < onfu^ioii 
<>\i t. a <l(-linilii>n of U-iin^. KAC>\ mc ol 
tli<" word in(ln<U-s 4<^|ii|)l(-k- ( l(Mrin)> ol 
loK-^t lor some altfrnaint" u^f ol tlu- 
land. Noi int lttd<.'d in their <.-stitTi<U(-> arc 
other, less <om|>l<'tc lornis of alteration 
Uroin s(-l(-<t]\o lofT^nij;. for ('xamph') 
arul tlu- gradual dt-j^r addition froiu |)ra<* 
li<<-s \\\ih a> u*|)<-at(-<l hnrnni^ and ova* 
^t,i/in^. At<<jrdnijT to FAO, 7.:* million 
lu-< t(ii(-i ol (lo>(*<l forest and .!). 8 niillion 
holart-i of open \ioodi<inds arc being 
< Icared Vtu h >ear. lor an annual trofiical 
delotoiaiion rate ol' 11.!^ niillion h<"t- 
ian-1, Sele<li\*' lo^gin^ t> ihonghi u> 
.liter an a<ldinonal 4.4 million luriares 



Table 5-1. The Global Forest Resource Base 
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(or rjrK h> mi<t«M'initii's U<rih (.<riiiM il *tti Kii^i iriiTiiriii.il Qii.iln^ .iiiil ( ^ l)rpiitiMinti *ti Simv, I*.'- 
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niHOj Uri.iiiM- *i\ ihf chlh-K-Tii ^ro^r.iplih ^n>ll|>ln>!^ m i)x it^o studies, tlii^ hrrrM tor 

I if v^eMl 4cnllM^I^^ .iTC oIIUIK c|. tliirU^li lhl^ ^hiMlld llol ^ir.itl^ jElrcl lli<- ir^Mrllpil toUit\ 
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\}cr \CM l>i N<iiiiiJii MiViN. <t <(>iisiil* 
i.iiu on iropKiil loR'sts and Ioitik'I roi* 
(U'lii f)l KaM Arn(;L ('siim.rtcs that <on- 
it'isKjii oJ'.iil iipt*N — Irom dt*forcsiiint>ri 
to ih(' \c\sct lornis tA <l(*gij<Litioti — is on 
iht* oidrv 4>f '20-24 million h(*<tciu*s [jt*i 
\t*iii, M\t*is\ moM u*tt*ni ^'shinut* ol 
(l('foi('Ntahon oi dost'd lowsis is ind- 
lion hrdiUt's p('i \c*u, shghiK gn^airi 
ih*m FA(>*s figurr * 

/\(((ndmg lo tlu' l'*A() sin<K. okt hall 
tin* 7.r> million lu'tLiU's ol dov^d U>rc^{ 
i l<MU <l .niiuialK mc ut Sonth ,iiid iU'U* 
iial AnuTita. (Svc \Mc KoirMs 
dic diminishing ai an r(|ual i:iu* tn all 
dn<*<' uopu.il RgKins ol ihc woild ai 
cd>i>uiO/>l p(*u('m pt'i \(Mi\()l [lK'o|K*n 
i\ii,odLni<K <'ltMrctl racli itMr. i>i) pt*rrt*ni 
tfi [Uv ilcUit <*suuion IS omn ring in 
AJiii,*. i*nh lis Ltigt* rxpanst'N of iiorih* 
('in s.ii annas, mosi ol lUc tc\t {aVc\ [Am c 
iti ti(i]>K.il Aiuotici On avt*iagt\ n 
pt'ut'iu ol .it) op('n wocidlands *nc toM 
c,ul\ WMi. II ilk*st* dt'lort'siaiion iau*s 
ioniinne. iropual IcnrMs and vsiiodlaiuK 
mil shiink l>\ an addition. il 10 pn ct'iU 
* t*iUui v\ t*ud. 

U'hrit*\t*i II IS <H(uiMng. tlt*loit*sra- 
iic^n js a dnt'd inanilosiauon oi pirssnn* 
pliUt*tl on iUo ii.nural irsonri't* bast* bi 
[Uc nonomif and son.il s\su*ins it sup- 
poiis. l-iu:danu*niaUi, tlu*st* pressuivs 
atr roou'd in iismg |H)pnlations and ms- 

Table 5-2. Projected Annual 
Deforestation in Tropical ^l^ gions, 



Olosrd (ipfii 
hot <*^i \Vcici()Lin<ls 



I r<ipual Atiu^u.i 
I lopu a\ Mm J ' 
I i<i|><(at Asia 

I<ilaJ 



(oiillion ii<*((airs> 
I :h ' J 7 

I 2 :i3 

I H:t n 19 



3t' tRi^Kic I 



iiig nuonirs. tlu' fornuT driving ibcnt'cd 
for agiKiilimat land and wood for en- 
t*igi and shtdttT, and iUc latUT for forcsi 
produns lo iwci tonsumcr demands. 
Wuh few t^xccpuons, populations in 
ti-o|mal tountrics arr growing bt*tween 
2 and [>tT<rnt per year Con\*crsion 
ol loivstland to cropland is by far thr 
hMdmg diu'tt cause ol tropiral d^^lorrs- 
tation. Snrh tonvtTsion is olu*n lU'Ct^s- 
sari: Agruulturr is tlrarly the most 
bcnrhcuil nst* of land in some arras. The 
tiagrdi m tlir tropics is that increasingly 
tliv burst IS vlrarrd h) landless peasants 
with no altnnatiiT for a snstainablr lifc- 
s{\\e and it is bapprinng ctibcv on land 
KHi infertilr to sustain crop production 
ov(T thr long icnn or in a manner that 
prt*maturt*ly dt^plt*trs the land's produc- 
tiir rapanti, 

ShiJting niltivation, whi^b for contu- 
lU's proiidrd a sustainablr agricultural 
SI Sinn* has broken dowii with the popu- 
lation bmldnp of rt*ct*nt iimes, Tradi- 
ti[)nalb, (afm'*rs \^onld rlt*ar some for- 
est, growdop*" unul the soil lu'camr too 
dt'luirnt oi nutrit'iit.s. and thrn cb'ar a 
lU*^' iiu'a. rrtnrning to thr original plot 
pt'Hiaps ^0 u'ars later By then ihc land 
had lam fallow long (Hough to rrgain its 
Irrtihti and could again support crops. 
But in mani situations population drnsi- 
tirs no longtT alltnv for the 10-20 hec- 
tiirt"> ol land ptT person nerded to sus- 
tain Uns larining .sysinn."^ ITiie land is 
oirmstnl. additional forests arr clt*art^ 
on soils that cannot sustain crops, and 
(IrstnitHitm spreads, 

ihrnrw paitrm of shifting cultivation 
is dt*stro\ing foivsts and degrading soils 
in all tropical rt'gions, Vhc hAO ^udy 
attribdtrs 45 pert ent of all forest clear- 
ings to shifting agricultnRv though the 
piobb'in iarit*s by rt*gton. bring the prin- 
apM catise of 70 pt*rrrnt of thr dosed 
foivsf t im ings in Afrit a. nearly 50 per- 
tt^nt in tropical Asia, and '35 ptvcent in 
iropital Amenta* Areas w*here defbr- 
testation is mt>st pronounced are predict- 
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a\}\\ ilui^o wlu-K- |iO|tnl.innn JcilMriV^ 
ciio hi^l^ Suit' (iniiiiM<"> iA Atnt.L 
vtlioio dio pnpiiLitioti cloiiMiv 1^ lilH'O 
niiio xhM of oihri Afruaii icjjkjm. 
a< < Mtiiii lor lijlf (lir fc>i r^i in^^o^ tii h opi- 
4 (il Afin^ii (JuM'J tuic^i^ in r}i(' ii-^ioii 
(ti(' Jtiunn^liin^ jr mi .Lniiual utc |h' 

\>r ii o of tli<Mu,iMa[ f<»ioi ' 1^ altiM(lv 

.Mad ' 111 (iHiii.i^i, iIk' ^-iiiiioH)OTi-(l(»ti' 
^(*l<'^<' lou'M^ in (iomul AliKct. v^lu'U' 
tli<' iH^pnlaUon <1('tk^ii\ in Imi ^rcd .ura^ 
I" rlijii A lomh iluK HI .\fiu.L 
iioi vol (niK^Hv ih]<Miofic<l Ln\^c*^ 
itirH' .iwi.t^r 0,2 iK'urni per \<\it.'^ 



Conversion of forestland to crop- 
land is by far the leading direct 
cause of tropical deforestation. 



III}; ]<> ^Infiing I ulnvanoii. A ^iinlv l>v flu- 
^IiuIkiii In^nttiio ol Sck-iuo c^tirtidU'd 
t\u{ half iho lotor io^^o^ tn IikIm 
III tv^ooii 1**51 and I97l> v^oro honi <nn- 
voiMon^ lo a^^iii ultui.il Lind, v^licrc |>n- 
tihuiK iho Icindlo^^ \^('to "oruKKKtnrif; 
on ^^oocl foio^i^ lo brin^ tUv l.iii<l mulor 
(*ihu*ition/'** In IhajLin<l, !W) vean of 
<'llc>ii h\ ilio Roval Imm<^i Sorvi((' Ijilod 
to ^lop the oiujojt Innoni ol ^Inlting 
(iiltu.itHM VAW nonlic'tti t<j|('M^. v^lioic 
toi<'>i <loini<(toii Im^ been on ilu- or- 
iU v iif 100.000 h<'<lai< ^ pot \<\ii." Sonio 
r>0.(tOO Lindlr^^ p<-,njn[ f.mnho m 
\<'ti(vn(')a luno ln'on (l(Mi:n^ 83,000 
livttaic^ ol fou'^t <M(li voai IVilup^ 
t\\c nu»M "0 ikint; Mro ol ^hifinig agtu ul- 
tlno ^ <'llr( in llic IVtiivuin Aiidc^. a^ 
landlr^^ fainiou pn^h Intilit t (ov^ard tli<' 
' Aina/on platn^. In rlir Pfnlip|>inc<. 
NopaK nontuMMoin Imlr.L anrl nianv 
o(hn in<M^. nnu\;MHi; xaUllv oriaiul 
fuHittg ^hilling utltivjlor^ np forok-d 
JnlhuloV » 



I o .dlc^ Lilc popuIjiKni ^trosso^. ^oino 
< <nniu lo^. nio^tt iiov^iblv ni Am(L aro 
(l<Miiri^ foK'^rcd lanti lo <mii onra^o poo- 
plo to nngraic u\ lo^^ poptilato(H<Tiiio> 
iH'^. I he IndonoMan (loU'innioi ' ha^ 
Ix'f-n nnnin^; lanulio fnmi Bali and j^va 
lo ilio [)opnlat('d nlaiuN of Kalinian* 
tan and Stnnati.i. Kou^^t^ on ilio^o is> 
laTHh .no t,ipi<ll\ l)r[n}^ (I<mio<I ini<l k^- 
ptati'd \uiti aj;runr no ol lolaiivolv l()w 
ptodtK livtiv. SnnJarlv. planned <<iloni* 
/.iiion in MalavM.i (aiiMU^ (onvcrsion 
of htwland lorvM^ to pl,iniaiion'> ol palm 
uil and inhlior,'*' 

Si> ( ioiiK'j < oniK't tntn l)Ci\^cen 
cl< loro^iaiion and dio doniatuN ol afllu- 
eni "Ol u rio" can be fouiul rtian in rho 
(on\<Tsi()n ol tjopiciil foioi lo gra/mg 
land ill Ccninil Am<Ti<a and Brazil 
vilioio caitlo-raiMMg oHcis c\pori oarn- 
inj^^ dial (ould help ro<IU(t' oxtoruat 
dobi. Hici/il iLn bv lai the groaiost aroa 
ol tropual nitnst lorcM m ihc world: 
L*80-:^00 million litaarcs. triple ihc 
(iin^nmi in citbor /aire *or Indonesia. 
()\<'i 40 pon<'ni of thai lies in th<' Ama- 
zon Basin, whoic popnhiioii pressures 
are Mill tnrnirnab The naitott's stagger* 
jii^l) high foreign debt in reccm years, 
now aboui S^^0 billion, explains wh\ Bra- 
/ihan> now \iou- ihc rieh Amazon forests 
as an asset that can no longer be left 
"imn^ed/' Beiu-een lf)6G and h)78. 
^<niie eiKbi milhon hec(aies of A my /on 
loi?^t betame Ciitile ranrhe>." 

I.I (xMiiial Ameina y^rd/uiy, land more 
(h.ni donbled behxeen IWI and li)78. 
while uooded land dnninished bv 39 
p<'t<ent, (.See Table l\S. denumd . 

foi heel ha^ lowered <onsulerable con- 
veiMoii ol loieM lo pastiiix\ ;\ Inile cncr 
two de<ade^ itf^o. the United ii^iaies ini- 
polled oiiK *2.000 (ons (^fbeef. By 1978 
l>erf impoiis had ri^en to 100.000 (on^ 
,ind. alihou^^h onb a portion of these 
(atne liom Oniial Anieiita. six otii ol 
ihr ^e^en <t)nntriei. there were sending 
a^ intK h a^ 85 to 90 percent ol theinoial 
heel exports lo the rnitc'<l .State^-*^ 
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(yS) State oj the World— m-f 

Table 5-5. Oniral America: Convention of Forests to Grazing Land, 196t-7$ 
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MHKi^t ,SiiruM(i M\rt\, " I lu' )Ut|)t>u(^r( ConiuutKm ]]< 
NonK ,\mcncjMUni*Mirsi'rs." ^wW. Viil X, No I, 1981 



. Miuh o) lhai boot feeds the gro\\ing 
(lcmiiiuls<if l ,S tast-iood outlets. <nic of 
the fc\\ markets opq,n to leaner beef 
Iroin gra<^s-fe<l cattle, Fast-food cliaitis 
(Uii ofier lo^ pn<e(l luuiibttrgers b\ 
tisiiig bevt raised by low (p5t labor on 
<on\erte<l lonNtLruh m (Central Anier* 
ua. Ke\\ people are a\\'are of t lie ftill 
(orise<(nen(Cs of cadi bite into a fast* 
tood burger ^liuli Norriiaii M\ers ha^ 
A\>\\\ (alle(l "the hainburf^er connec- 
tion,''*^ 

I'rdike fore^l con\ersions for agrtctil* 
lure and gra/iiig laiid. fnclwood gather- 
ing; b> rural peasants rarely results iii an 
nuinccliate loss of a large block of closed 
forest. But the gradual degradation of 
open woodlands l)\ fnelwood gatherers 
nia\ e\entnall> jmxlirce a virtiral waMe^ 
land. With fuelwood gathering, as with 
shiiting cn!ti\attou, it is primari^' popu- 
lation pre^i/hure that has transformed a 
|)re\i,nisl> sustainable practice into one 
that IS gradnalK designing the resource 
base.»^ 

For that one-third of humanity for 
wlunii (irew(fi^d is the primary source of 
<.ookiiig tuel. deniait<l will increase apace 
with puptilation growth, Nforc*over. the 
fuelwood and charcoal necd^ of an 
eiuergiiig industrial sector are begin- 
ning to compete with those of fuelwood 
gatherers. In the southeast of Brazil, an 



estimated 38 nullton cubic nieters of 
wood are converted annually to charcoal 
for the steel indusin,** A growing com- 
mercial market for fuelwood also creates 
incentive for "entrepreneurial cutting," 
Near Nagpur in x:Vntral hidia, where 
people are perniitied to collect dead 
wood in forest reserves for their domes^ 
tic use» trees are apparently being cut 
rUegally and taken to the city for sale,i^ 
Myers has e*>titiiated that some 150 mil- 
lion cubic nieters of wood are cut for fuel 
from tropical closed forests each year, 
Mie extent of the resulting degradation 
of woodlands is not known. In fuelwood- 
short areas of Africa and Asia, however 
people are having to turn to crop resi- 
dues and Cow dung for fuel,'^ 

The role Of tiiiiher harvesting in tropi- 
cal deforestation i^ difficult to assess. 
PAO estimates that 210 million hectares 
of closed forest have been logged so f^r 
and that 4,4 tfiillion hectares of virgin 
forest are opened for logging each yean 
Because of the diversity of tree species in 
tropical forests, cononerctal loggers 
generally cut very selectively, taking only 
the most valuable species. Cutting ti>,^ 
hardwood forests is particulSfTy selec- 
tive^ with removals from a first cutting^ 
averaging 8-15 cubic meters per hect- 
are. In Southeast Asian foreits. where 
there is an unusually high density of 
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< i>TiiTii<''r(i.iil\ ^i>c< \vs. IiiImJ- 

vnjo<! rcni<>\jls ci\ci.i^c iy\ct liO dibit 
incicjv(>ci hc<t^ircJ** But vwn tliougli 
tmU S }>cnt*iu of the Uvvs on a gi\cii 
!ic< Mio iiM\ hr< UL iUv liot^s ,irt' so < lose 
to^rthci jtk) <onnc(tc<l h\ \inrs tlidt 
lo^^ui^ c.iiulrs[io\ !i(M>0 pciu'iU <>l 
unvhcintcd iiccs M<>ico\ci . iluee- 
qiLittcis ot logj>t'd foKsis die Icli iin- 
iii<iii<^cti jlu^i the hist tiiuing, Thus 
\vMhout c(OnotnK iiKctiti\cs or regula- 
tions to ciuotiidj>r juoic-rflKicnt tist- 
jikI hriiei <Jic loi ilu^sc loicvis. Lirj^t- 
tuuiiheis ol irccv jic tlcstio\ctI for a 
relaunch sntalt .unount oi wood anuallv 

M>1<| 



TiatioTi s lorcsts. showed djina^c in Uic 
Icill iA ]u\\ one \car later, follow- 

jng an exicnsive nationwide siirve\. 
daniagi* ^as estimated to cover one- 
tlnid oi \Vt^( Germany's forests. 
Whereas 00 ptrtent ol the fir trt-es were 
afletted ni hue l**8L*. three-qtiarters of 
them \\ric snllerin^ the following \rjir 
DauMge was also \isible four <jf e\ery 
ten sprut c trees, whkh ro\er roughly 40 
perrcni of WeM (icrmanx^ forcstland,^* 



By 1990 as much as three million 
hectares of forests may be lost to 
acid rain if Poland proceeds with 
its present industrialization plans. 



Acid Rain: An Kmkrging 

Add deposition, (ommonh (idled and 
i.iin. In the teim j>nen to snltiii .ind ni- 
tiogen oxhiev that ,ire dieniuall^ ttans- 
torined ni t|ie atniovplierc cOid icdl to 
e.n th d\ M kK iti i <nn^ stio\\ oi log. or .i> 
di \ . .K id-foi ininj* pai titles. St ientist> 
ha\e anias>t*tl <onsitler;*ble eHtleiKe 
o\er the past tle<atle th,it these air polhi- 
tatus nia\ ad\eist*h aflett \lw ett>s\>- 
teniv the\ enter. Altlum^h dt>tuineiita- 
tKui ol .itKhhni^ iakev in ScanthnaMa, 
eavtetn Noith .Xniriita. aiitl C^niatla iv 
not nt*\\. e\itlente i> mtnintiiig t>l atid 
tlept>sitionS >e\ere thrtMt to some of the 
\\<jrl<rv most \ahitxl fore>ts. I'ntil re- 
<entl\.tht link i<> the health an<l]>rotlut- 
iiMt\ ol loiestv \\av liHgeh >pe<nLiii\e. 
anti tiotninein,itu>n of e\en potential 
t^Hettv was vtaite. Stinliev of sitk and 
<hiiij> tiees ni Kutope and eastern North 
.Aineina. hovve\ei. ait^ ItMdnij* itst^tith- 
vi\ to ]Hil lojth this link wtth giertter 
fonhdeine. 

()\tr r><i0.000 htttaiev of forest in 
West (tcnnain. ncnh S pertent of tlie 



In C^xothoslovalcia. 500.000 lit^ctart^s 
it*pt>rtcdK are daimgt^d, with irt^e 
deaths widespread in a mountainous for- 
ested park nt^ar the East German bor- 
der.^* Another .'lOO.OOO hectares arc 
affettt^ in Ptdand. Koresi researcht^rs 
tn Katt>wire. elose tt^Jtnikow*. say that 
fir trees are dead oi dying oti nearly 
180,000 hectares and that spruce trees 
jn areas art>und Rybnik and Czesto- 
tht>^\a. ulso in the industrialized south- 
ern region, are completely gone. Envi- 
lonmt^nlal .stienlisis wani that by 1990 
as nnith as thrt^e inilhon hectares of ft>r- 
est> nia> be loM if Poland proceeds with 
us ])resent induslriali/alion plans.^^ 

In the Unitt^d States, dt^tailed docu- 
mentation of s>>teniHlic fort^st destruc-t. 
tion has come from research on Camels 
]hiin]>, a peak Itjresied with red spruce 
and balsam iirs in the Green Mountains { 
of Wrniont- rhere. after nearly two 
tiet ades t>f .study and with iht^ benefit of 
a,tomplete inventory of the motintain's 
\egetation> researthers at the University 
of X'tTniont have found that half the 
spruce trees have died .since 19G5. More- 
o\ei. seedhng prt)dut"liont tree density^ 
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md basal arcd \ui\v Mm* hvvn ttc;irl\ 

Reports on tlic turrail cxiciil and sc- 
wrixy of forest damage nia> belie the 
titte it)cigtiitti<le of an nn|>ettding prob- 
leitt^ 1 lie pnness leddnt}^ Irotn sligbt to 
extetisi\e <laniage a|>]>eat<» to tinfold tJ- 
|>Klly. \Vi(les]>ret*(l lo^s of Ml\er lir trees 
bad ottiiired ui West (^ernun) wiilnii a 
fe^ ' ears after the first signs of dainagv. 
AmJ it it nt>t always cas\ to recognize the 
swnptotn*^. \Vitbot(t earcbtl observation 
by a well-tratned e\c^ eatl\ signs of dant- 
age niav be o\erlooked, \fortv\ci, tfie 
]>attern uf symptoms, sutb as discolora- 
tion an<l needle loss, may vary among; 
spe< les,^-* 

Scientibc evidence of aeid deposition's 
link Hi tbts inassnc forest dcstntction is 
tlnis fat iiKondnsne. Indeed, ncrdle 
<bscol<>riii}^ and a tlnnnin}^ of tree 
ctowns can he canse<l by many tUm^^s: 
fM»st. (Itoiif^bt, wind, attacks b\ uise<ts 
01 fuitgK and e\en poor forest manage- 
ment practices. Bnt none of these cause;; 
alone seetns to be *jufli(]etn ti> explain 
tlic panein> t>f forest destrnction ob- 
ser\ed, ,'\s Uni\crstt\ of Vennoni bota- 
ni*»t f hihni \'ogelniann wines rcgardih}^ 
tbe ntassne sptnce deaths on Camels 
Ibintp, "Wnh nrany oft' j normal causes 
of trc^' mortality rnled out, suspKtons 
ba\e turned to one inj^redicnt of onr en- 
\ironmettt tfiat lias been imiodn<c(l in 
the last tbitt\ years — acjd tain,"^* 

In recent de<a<les, tlte acidity of rain 
and SHOW has increased markedlr in 
many locations. In widespread areas of 
eastern North Amcnc» and nortbern 
an<l <einial Ktnope tbe aiitnial a\erage 
pll ol precipitation ,s now between 4 
and 4.5. For c<>tn])arisorf^ tbe pH of un- 
polbitcHi rainfall is typically no lower 
than 5.0, : lightly acidic from interactions 
with natural carbon <lio\i<ie in die atmo- 
sphere. Rain and snow tn many indus- 
trial regions of tbe world are now 5-30 
times more* acidic than wuiild be ex- 
pected in an nnpolbited atntosph, re,^^ 



I bis dramatic change is /attributed in 
large part to tbe release of sulfur aitd 
nitrogen oxides into the attnospbere by 
tlte burning of fossil fuels and the sineJt- 
mg of ores. Since forest systems can usu- 
ally benefit from additKmal quantities of 
nitrogen^ sulfnr com|iounds are gener- 
ally considered to be tlte primary con- 
(em. The scientists studying West Ger» 
many's h>rests found that tbe nec^dles of 
trc'c^ in severely damaged forest ^ireas 
contained more sulfur than those in 
other areas. Also, damage was greater 
oil west-facing tnoumain slopes, wlncli 
are exposed to inoR' ]>ollutants and acid 
deposition,*^ 

In jjortions of Ktirope, fiulfur dioxide 
entissions from Ihiman activities have 
doubled since 1950, Kxchiding tbe So- 
viet Union (wnb estimated emissions of 
over '*i5 million metric tons per year), 
ainmal snifnr dioxide emissions in 
nortbern and central Europe now total 
nearly 27 ntilbon metric tons. Six coun* 
tiies account for 80 percent of this total; 
the United K]t>gdoni. Kast Germany. 
West Germany, Fraitce, C^ecboslovaKia> 
and Poland- Sulfur dioxide emissions 
from North Amenca are estimated at 
nearly 29 milbon tnetric tons per year, 
with over 80 percent from tbe United 
States,^* 

Before tbe advent of air pollution con- 
trol str^itegies, most pollutants emitted 
to the atmosphere remained relatively 
close to their source. Between 1056 and 
1970, however, tbe average height of the 
stacks at fossil-fueled power plants 
nearly triplc^d, as higher sjtacks were seen 
as hvnCr disperscrs of (^nnissions from 
source areas, Polhnants thus began to 
travel farther before returning to the 
earth's land and waters, Also> the longer 
the sulfur dioxide was in the atmo- 
sphere, the more likely it was to be oxi- 
dized to sulfuric acid,3* 

The precise mechanism by which acid 
deposition may be damaging trees so ex- 
tensively is not known. Hydrogen ion 
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coficcntratioii. ihc measure ofatidiiy ex- 
pressed as pH, afTccis inicranions be- 
tween the soil 3iid living biomass of an 
ecosystem tit complex and varying ways. 
Soil stnicture and composittont vegeta- 
tion typef cltmate. and elevatioit are oitly 
sottte of the natural deieniiiititig varia- 
bles. Yet scientists have nncovered some 
common effects of ittcreased aci<lity lit 
ioi\s. Among the most iiiiportaitt is the 
leathing of vital life-supporting nutri- 
ents as the Itydrogeit ioits react with soil 
materials and dte btifferittg capacity of 
the soil is depleted. Both scientific the- 
ory and observation suggest tltat rc- 
dtited (jtiantities of luitrieitis such as cal- 
(.itim. magnesium, and potasMum tttay 
he widespiead in vulnerable soils after 
several decades or cciUuiies of exposure 
to acid deposition. In additioUf several 
studies linve suggested tltat a\ soils be- 
come more acidic, alumhtuin. whidi is 
itorittally hatntlessly bound in soil ton- 
siitueius* becomes soluble and toxic.^" 



Areas now witnessing the death of 
their lakes may soon be confronted 
with dying forests* 



Dr Bemhard Ulridt. a biochemist 
u'ho has studied damaged beech and 
spruce forests in Sollingt West Germany, 
(or nearly two decades, has docttineitted 
several phases in the acidification of for- 
est systems. Ihiring the early stages, nu- 
trients such as nitrogen added to the soil 
by acid deposition appear to increase 
tree productivity and growth. Between 
1967 and 1969, the beech and spnice 
trees he studied showed double the ex- 
pected growtli rate. Yet during this pe- 
iiod of increased growth, acids are build- 
ing up in the soiL eventually triggering 
the leaching of vital *mtricnts and rend- 
ering aluminum soluble and toxic. When 
the toxic aluminum begins to attack the 



root system^ a tree becomes less ahle to 
take up moisture and to protect itself 
from htsect attacks and :Jroughts, I'he 
forests are also attacked from above by 
heavy metal and gaseous pollutants in- 
tercepted by tree crowns. From the pat- 
terns oftree damage he observed in Soil- 
ing. Ulrtch fears that every few years to 
every few decades 3 natural event will 
occur that* because oHlie accumulated 
air pollutants, will cause fatal tree dam- 
age,^' 

laboratory research at the University 
ofVermont has shed addiibital light on 
these processes, providhtg evidence diat 
acid deposition and heavy metals act 
synergist ically in stunting the growth of 
trees, mosses, bacteria, algae, and fungi. 
This research also shows tltat loss due to 
acid rain of mycorrhizae. fungi essential 
to the health ofa forest system, may play 
a role ht overall forest destruction^ Fur- 
then analysis of tree cores by these re- 
searchers lends credence to the link be- 
tween acid rain and the mobilization of 
aluminum. Ilie amount of aluminum 
in the wood was relatively constant 
throughout the first half of the century 
but began rising dramatically in some 
samples around 1950, about the time 
acid rain became more pronounced,*^ 

lliough fragmented and mconclusivet 
this evidence of acid deposition's effects 
on soils and forests can no loiiger be 
ignored. If Ulrich's description is accu- 
rate, areas now witnessing the death of 
their lakes may soon be confronted whh 
dying forests. His findings oflFer a grave 
warning: Waiting for declines in forest 
growth as the sign of damage from acid 
rain may mean recognizing the problem 
in its advanced sta^es^ perhaps when the 
damage is irreversible. 

Although the amount of forest de- 
struction that will be caused by acid 
deposition is a matter of speculation, 
both scientific researchers and political 
leaders are recogni7ing that the risks are 
great. Referring to the potential effects 
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of acid ram on (^.in.idaS $20-billion for- 
csi indusirj, John A, Frascn memticv of 
the Canadian Parliament, remarked in 
October 1982 that **the economic cosi of 
doing nothing is siaggering/*^* And in 
light of ihe large wood-volunie declines 
on VennDni*5 Camels Huinp since l%5 
and ihe 57 i)erceni drop in maple seed- 
lings and saplings, Hubert Vogelniann 
echos this concern; "If such losses in 
only a few years are represeiuative of a 
general decline in foresi prodiiciivity* 
the economic consequences for the lum- 
ber industry will be sta^tjering,"*^ 

One obvious remedy s to reduce 
emissions of sulfur and nitrogen oxides 
to the atmosphere, Without waiting for 
more solid proof of acid rain*s link to 
forest destruction, the West Cerman 
Bundestag passc^f legislation in early 
1983 aimed at reducing sulfur emissions 
by a third within ten years. Yet e\'en if 
West Germany succeeds in meeting 
these goals, the reductionof sulfur diox- 
ide in its air will be much less, since 
about half the emissions originate out- 
side the country. West Germany is also 
attempting to tnitigate the existing dam- 
age by adding lime to soils in damaged 
areas to counteract the acidity,** 

No dotibt this link to the world*s for- 
ests will heighten the international acid 
rain debate both within and between na- 
tions. It also intpties that continued 
growth and productivity of some of the 
world's temperate forests can tio ' >nger 
be tacitly assumed. Developed countries 
with energy futures based on fossil fuels 
may tieed to reexamine the wisdom of 
their strategies and weigh the costs of 
polltttion control against these new- 
risks. Moreover large portions of Brazil, 
sottthern Africa, India^ Southeast Asia, 
and China have soils relatively suscepti- 
ble to acidification,^^ As nations in these 
regions establish ambitious industriali- 
zation plans, in which fossil fuels typi- 
cally figure strongly* they must consider 
that the means to their ends may under- 



mine a more important and sustaining 
resource base. 



Economic Effects of 
Deforestation 

Deforesta tiott has thus far been fostered 
mainly by pressures to grow crops to 
feed increasing populations. Whether 
conversion is planned by governments 
to relieve food shortages or results from 
landles*; peasants seeking to survive* 
tropical forests typically have been 
viewed as an underused asset at best and 
an obstacle to development at worst. As 
forests dwindle, however* this view is 
bound to change. The growing scarcity 
of forest products will increase the com- 
parative value of these forests and the 
products and services they provide. 
Signs of scarcity typically take two forms: 
shortages and rising real prices. Ulti- 
mately, scarcity fosters a shift in the way 
a resource is valued, used, and managed. 
Firewood scarcity offers the most visi- 
ble and dramatic example of deforesta- 
tion's effects. In developing countries 
some ihree^fourths of the wood har- 
vested is used for fuel. These countries 
both produce and consume 90 percent 
of the worid*s fuelwood; only one-tenth 
of 1 percent isexported,^' Already, fuel- 
wood scarcity is taking a heavy toll on the 
developing world's poor. With 90 per- 
cent of some national populations rely- 
ing on fia*wood as their main fuel, nu- 
merous local and regional scarcities 
collectively bode a crisis of critical pro- 
portions. 

In many West African and Central 
American citie,s a typical family may 
spend one-quarter of its earnings on 
fuelwood and charcoal, a proportion 
comparable to what a family in ^n afflu- 
ent society might spend on hou^iing. 
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Where mooA is jjatticted liiltici than 
bought III a markcu scartiticit mean 
more litne spcfil collecting wood for the 
famiK. In some pans of India, a woman 
or rhild may lUred lo spend two full days 
gathering a faimly's weekly siipph <if 
wood,'^ 

Fuelwo<ici s<arcit> has fosteird a dra- 
matic rise in fuelwood prtte.s in recent 
years. Whereas the rc^ price of iiiel- 
wood-*the price adjusted for inflation — 
showed no increase between 1963 ami 
1978, it went up h\ over 25 percent be- 
tween 1978 and 1981, Since little of this 
commodity enters international markets^ 
absolute pric es and the trends in specific 
coiititties may vary considerably. In 
Dacca^ Bangladesh, the retail price for 
fuelwood was tn some years twice that of 
the average world export price,^* In In- 
dian towns, rising prices are fast making 
fttelwood purchases impossible f tir mam 
residents. Between 1971 and 1980,, the 
current -dollar retail price of fuelwood ui 
Bombay moro than tripled,*^ Price in- 
creases in Africa aie equally telling, 
Fttelwood retailing for less than U,S- $8 
per ctibic meter in 197(5 in the Ceittrai 
,\frican nation of Cameroon sold for 
over $44 in 1981, Most extraordinary^ 
was tile situation in the Ivor^ Coast in 
West Africa; Between 197(5 aitil 1 980 the 
retail price in ihe coastal commercial dt> 



of Abidjan jumped from $26 to nearly 
$250 per cubic meter*' 

Iltese shortages are bound to worsen 
in the decades ahead, FAO projects that 
b> the year 2000,, the minimum fuel- 
wood needs of some 2,7 billion people — 
over half the develo|>ing-world popula- 
tion projected for that year — eitlier will 
not be met on a sustainable basis (a defi- 
cit situation) or will not be met at all (an 
acute scarcity). (See Table 5-4,) ITie sit- 
uation is already a dire one. In 1980^ an 
estimated 112 million people-^half of 
iheniin tropical A(n<a — were experienc- 
ing acute scarcities of fuelwood. Nearly 
1,2 billion people — 70 percent of them 
in tropical Asia — were meeting their 
minimum fuelwood needs only by over- 
cutting and depleting their forest re- 
sources, tn all cases, runil people are the 
hardest hit,** 

Wood shortages in some areas are re- 
ducing incomes and jobs, Basketweavers 
relying on the bamboo stocks of l amil 
NaduT ai the southern tip of the Indian 
peninsula^ reportedly now earn 25 per- 
cent less than in the early seventies and 
stifTer periodic bouts of unemployment 
because of insufficient bamboo supplies. 
Slocks ill the Western Chats forests were 
once thought sttflictent to keep local 
paper mills supplied indefinitely. Yet 
bamboo shortages have forced the in- 
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dustrv to operate at 70 percent capacity, 
compared with 90 percent in 1970, and 
some of the bamboo now comes from 
northcrast India and the Himalayas, The 
plywood, match, and polyfiber indus- 
tries in India are also facing shonages.^* 



The cost of repairing flood dam- 
ages in India below the Himalayan 
watershed has recently averaged 
$250 million per year. 



1 hough rarely valued monetarily, the 
loss oi the ecosystem functions provided 
freely by a natural forest entails real eco- 
nomic and social costs. Flooding, 
droughts, and siltatioii in many parts of 
the world are more severe because of 
deforestation, A half billion people in 
India, P^ktstanf and Bangladesh are 
affected by water runoff from the upper 
Himalayan waterslied. Deforestation of 
Himalayan hillsides has greatly reduced 
infiltration and ilie land*s ability to ret^^in 
water Rapid runoff during heavy rains 
and the resulting soil erosion and silting 
of rivers sets the stage for massive flood- 
ing downstream* The cost of repairing 
flood damages in India below the 
Himalayan watershed has recently aver- 
aged $250 million per year.^^ 

In the Philippines, a government re- 
pon blames deforestation for frequent 
flooding, erosion, the sihii^ of rivers, 
and a loss of water supplies. Silting of 
thv resenoir behind Ambuklao Dam has 
halved the hydropowerplant*s expected 
usi'ful life.^* Haiti's latigest hydroelectric 
project may not survive past 1986 be- 
cause of siltingbt'Wnd the Peligree Dam, 
and electricity rationing has already oc- 
curred in Colombia and Costa Rica be- 
cause of lost reservoir capacity at hy- 
droelectric facilities. Deforestation in 
Panama, besides causing stltmion that 



threatens the viability o( the Panama 
Cdiial, has worsened boih floods and 
droughts and rendered water supplies 
less reliable.^* 

ITie full effects of deforestation on na- 
tional and international market eco:io- 
mies are difficult lo predici . With the ex- 
ception of fuelwood, most forest 
products are part of complex interna- 
tional trade patiems. There is thus the 
potential both tor shortages to echo re- 
soundingly in faraway regions and for 
areas of continued forest abundance to 
fill in emerging supply gaps, Yer any 
changes in regional balances of supply 
and demand can shift and alter pressures 
on remaining tropical forests. 

Demand for hardwood in the indus- 
trial countries for houses, furniinre, pan- 
els, and other products has risen greatly 
since mid-century. Attention increas- 
ingly turned to the tropical forests^ 
where hardwoods often comprised over 
90 percent of the timber resource and 
labor costs were comparatively low. 
Consequently^ annual production of 
sawlogs and veneer logs* the primary 
raw material for wood industries, more 
than doubled in the tropical regions be- 
tween 1960 and 1980, (See Table 5-5,) 
Tropica! Asia consistently dominated 
the production picture, accounting for 
half the average annual production in 
ihe early sixties and 58 percent in the 
seventies* over 95 percent of which was 
in hardwoods,^' 

Much of the increased production was 
shipped to Japan, Nonh Americat and 
Europe, These areas used 13 times more 
industrial hardwood logs in 1973 than in 
1950f while consumption in the tropical 
regions themselves increased by only 2,5 
limes. Imports of tropical wood overthis 
period increased ninefold in the United 
States and Europe and nineteenfold in 
Japaa^* About three*fourths of Japan*s 
supply was from Southeast Asia. Much of 
the tropical hardwood imported to the 
United States started in Southeast and 
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East Asia, ofk'n going through Japan for 
processing. Tropical hardwoods used in 
Western Kltrope largely originated iu 
West and Cetttral Africa, though in the 
l,ite seventies imports from Sotttheast 
Asia increased significantly,^^ 

The depletion of forests is reshaping 
(rade patterns in tropical Ibrest products 
as well as \torscning some countries' bal- 
ance or payments. Several long-time ex- 
porters have markedly rL*duced the 
atirount of hardwood logs sentottt of the 
countr> arid now focus more on process- 
ing wood to nieet (heir domestic need:*. 
Some traditional suppliers in West 
Africa and Southeast Abta — areas where 
deforL*station has reached critical pro- 
portions — liave nearly eliminated their 
expor?s of sawlogs and veneer logs,*^ 
Ghana's 1981 raw log exports were only 
7 percent what the) were in 1964; Ni- 
geria's were only \ percent. Export de- 
clines began later elsewhere bu( were 
also dramatic; Thailand's log exports in 
1981 were only 8 percent an(* those of 
Eire I'hiltppittes 15 percent ol their peak 
amounts in recent vear?. While some 
countries have increased iheir exports of 
processed wood products and thereby 
snstaincd the total value oT thejr forest 
exports, others have not- Nigeiia's tweti- 
tyfold decline in log exports between 
1970 and 1980, for example, was 
matched by a sixteenfold declt*>ie in the 
export value of all lis forest prt)ducts,*' 



Between mid-century, when exports 
or tropical hardwoods began increasing 
rapidly, and the early seventies, a large 
portion of tropical logs left the produc- 
ing countries in their unprocessed form. 
In 1973. the primary tropical wood pro- 
ducers exported nearly half their logs 
unprocessed; the notable exception was 
I^tin America, which processed nearly 
;:ll its logs and exported little of its forest 
products in raw form. Consequently, the 
unit value of forest product exports re- 
mained comparatively low. Value was 
added in tliosedevelopingcountries that 
professed wood into products such as 
plywood, particle board, and veneer 
sheets for domestic consumption or ex- 
port, FAO economist S,L* Pringle noted 
in the mid-seventies that the tropical 
countries were failtxig to 4-2pture about 
$30-50 per cubic meteron logs used for 
sawnwood or veneer and $40-80 per 
cubic meteron logs used for plywood. If 
they hat: been able to process the 49 mil- 
lion cubic meters of nnprocessed logs 
exported in 1973. tropical countries 
could have gained perhaps an additional 
$2 billion In reventie,** 

Exports from Japan and the Philip- 
pines over the past decade are prime ex- 
amples of this situation. About three* 
quarters of the main industrial wood 
exports from the Philippines in 1973 
were unprocessed logs with a unit export 
value of $39 per cubic meter. Panels had 
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a unit export valitc inorr^ than triple tliat 
of the logs but represented only 5 per- 
cent of exports. In contrast* Japan — his- 
toricahy a major tmporter of tmproc- 
essed h)gs from the Phtltppincs — earned 
over $75 mtlUon in 1973 frotn exporting 
just 165.000 cuhic meters of wood-hased 
{janels, ITius it took close to two millton 
cubic meters of l^ilippine log exports to 
bring in as much revenue as thejapanese 
])anels. In response to dwindling forests, 
rising domestic demands, and compare- 
tivcly low unit expor^ etirning.s for raw 
logs* the Philippines has decreased ex- 
ports of all wood products* but espe- 
cially of ttnprocesfed logs. Higher- 
valued wooil'bascd panels now account 
for 32 percent of forest-product export 
earnings* whereas in 1973 they repre- 
sented just 13 percent. 

These fiscally appropriate responses 
may prevent remaitting tropical forests 
from following the route of other, now 
over-exploited areas. Indonesia* which 
still has 80-1 00 million hectares of tropi- 
cal forest (roughly half of which is virgin 
forest)> einerged as the leading exporter 
of tropical hardwoods in the uiid-seven- 
ties and uitdoubtedly helped to fill the 
gap left hy the Philippine cutbacks- (See 
Figure 5*1.) In 1980* o\er 80 percent of 
Indonesia's timher exports were still in 
the form of unprocessed logs. 

Apparently realizinj^ that it should get 
nt(»re financial mileage from its vast 
art*as of remaining forest, the Indone- 
sian Gii\'ernment is now strongly en- 
couragu^g domestic processing of wood. 
With the aim of completely eliminatlQg 
raw log exports hy the mid'uighties* 
strict export quotas were imposed in 
1980^ George Ledec of the World Bank 
note.s that this measure wa.s instituted 
despite signiftcant ecotioniic obstacles* 
incltiding prcHecttve tariffs applied hy 
imponinf]; countries such as Japan to 

f>rocessed wood products but not to raw 
ogs* Ledec also notes that Indonesia's 
action has piqued multination * corpo- 
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Figure 5-L Sawfog and Veneer Log ExpofU* 
Philippines uul lodooena, 1964^1 



rations* interest in Fapua New Guinea* 
where deforestation and logging have 
not yet occurred on a lai^e scale-** 

The picture painted is thus one of 
shifting pressures within the tropical for- 
est resource base and of more active at* 
tumpts by tropical countries to derive 
greater value from remaining resources- 
Given that a raw wood supply of at least 
15-30 years is needed to Justify invest- 
ment 'n local wooc* processing facilities* 
countries uith substamial areas of tropi- 
cal forests remaining — and desiring 
greater value from them — have an incen- 
tive to manage their forests on a more 
siistainahle hasis- Ironically* deforesta- 
tion's implications may in this sense help 
reverse some of the forces that have per* 
petuated it- 



Lessons from Recent 
Initiatives 

Fuelwood shortages, uncontrolled clear- 
ing of trees for agriculture* mining of 
timber resources* and the increasing se* 
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veritv of ddorcsuuoirs ecological 
consequences are fundamentally chang- 
ing perceptions about ll^' role of forests 
in iropkal devetopmeitt. Initiatives 
spawned by ttiese new perceptions have 
in cotMnioii ;i new \iew of forests not 
only as complex systems in their owi» 
nght but as natural systems inextricably 
linked to thehumans\ stems that revolve 
arontid them. Describing new ibrestry 
efibrts in Honduras^ Marco Antonio 
Hores Rodas.^ an FAO official and for- 
mer Forestry Manager of the Hondtiran 
Corporation for Forestry Development, 
notes ''it was intended that the distinc- 
tion betweei* forest, indtistry and peas- 
ant should be forgotten since they are 
one aitd the same tliing/'^^ Putting for- 
estry on a sustainable footing in the de- 
veloping cotniirie.s re<jiiires aitackiitg 
the <onimon roots of deforestation's 
direct causes — population growth, 
poverty^ lam lies sness^ an<l the absence 
of viable options for people and 
go\erninents. Both inspiring and sober- 
ing, recent iititiattve> are forttsing atten^ 
tion on new responses to a rarely asfced 
cpiestion: forestry for whom and for 
whatr 

India's western Mate of Gujarat is 
widely recognt/ed as ha^ing that coun- 
try's most innovative and initially suc- 
cessful social forestry program* At its 
core is a plantation efTort tin<kT whicli 
state foresteis encotirage villages to es- 
tabhsh plantations on a pmion of their 
communal land, Recetn features added 
to the program focus on individual for- 
estry initiatives, .stipplementing the 
soittewhat faltering progress made 
through conitnuiiity forestry, One 
stich change includes assigning to land- 
less families 37,5 hectares of <iegraded 
forestland to be planted with seedlings 
at the rate of 2.5 hectares per year for 15 
years. In return for a commitment of 40 
days of work per months each family is 
paid a fixed tiionthly sum of 250 rupees 
and offered free housing inateriah some 



f orest produce, and 20 percent of the net 
profit from the han'est in the fifteenth 
year. With a stake in theprofits^ families 
thus have both an incentive to care for 
the trees and a steady income until the 
year of harvest. Another component of 
Gujarat's program furnishes farmers 
with Iree seedlings to be grown on de- 
graded and marginal farmland. Each 
year these farmers receive 250 rupees 
for each hectare they tend, provided that 
at least 70 percent of the trees survive*56 

Despite* its successes, social forestry in 
Gujarat and other areas of India has re- 
cently come under severe criticism. Par- 
ticular concern has been raised about 
promoting the planting of eucalyptus 
trees, A study in the Kolar district of Kar- 
nataka State by the Indian Institute of 
Management found that social forestry 
was not achieving its goals and in fact 
in ittany ways was worsening the lot of 
the poor people it presumably was de- 
signed to benefit. Introduction of euca- 
lyptus encouraged private landholders 
to grow irees for sale iit tlie markets, 
thus suppbnting traditional community 
dependencies and disrupting commu' 
nity development, Ahhough mcreasing 
fuelwood supplies is a primary goal of 
social forestry, eucalyptus has thus far 
provided Uttle t'uel for the villagers. With 
the trees worth 250-300 rupees per ton* 
about 80 percent of the eucalyptus 
grown in Kolar was sold as raw material 
for the rayon industry in Harihar* The 
authors found that the plantatiotts in 
Kolar did not help meet rural people's 
desperate need for fuel and warned that 
the firewood crisis may well worsen de- 
spite the '"impressive'' growth of euca- 
lyptus plantations in the vtllages,^^ 

Planting eucalypttis on cropland 
makes it more difficult for the poor to 
obtain food, income, and other basic 
necessities beyond fuel. Although tree 
planting programs art. intended for mar- 
ginal agricultural land, the area planted 
to ragi — a staple millet in rural areas- 
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dcdiiicd b\ (i(> potccnt in tlic Kolar dis- 
trict between 1077 and 1981, as much o( 
the area was converted to eucalyptus 
plantation!}, Ragi prices in the state dou- 
bled in the course of two years, partly a 
resttlt ofa crop faihtre in I98(M11 bin no 
dotibt also u rcllcction of tlic rt*dttced 
avca in prodnctiotL Althongh frrowing 
eucalyptus ratlier than food crops can 
double or even quadruple a farmer^s an- 
ntial income, it deprives landless labor- 
ers ofeniploynient. Hie Indian Insotute 
authors ejtuinate thut each hectare 
shifted from food crops to eucalyptus re- 
snhs in a loss of 250 dayji of work per 
year, Eucahptus is also replacing native 
trt*es that better met some of the rural 
people's basic needs: The loss of Honge 
trees, which traditionally provided oil 
for lightUigt ha!i made local people more 
dependent on expensive and unreliable 
stippUes of kerosene,** Even those who 
dispute ilicse criticistns of social forestry 
agree that the prt*sent form of these 
efTorts threaten)^ to wideti the gap be- 
tween the rtiral rich and poor*^ 

Social forestr\' as often practiced to 
date emerges from these assessments as 
very much a double-edged sword. Be- 
nefits clearly do accrue, btit to whom and 
at what social economic, and envn on- 
mental costs? Are program objectives 
being met if, rather than meeting rural 
people's basic needs directly^ success rt*- 
lies on benefits trickling down fn>m 
those fortunate enough to derive income 
from snpplying eucalypuis wood to the 
rayon industrx? .Tliese complex ques- 
tions demand serious auention not only 
in hidia, where forestry programs in 
some 100 districts are planned* but in 
other countries as wdl- One thing is 
clear: Measuring the success of social or 
rommunity forestry ellorts merely by the 
number of seedlings pointed, wUhout 
concern for what species is planted 
where, by whom, and for who^e benefit, 
is insuffieient and inappropriate. 

Another approach to reforestation* 



known as agroforestry, integrates wood 
and crop production. These schemes 
hold particular promise for areas in Cen- 
tral America and the semiarid African 
Sahel where * adUional farming systems 
have begun to crumble under the pres- 
sure of rising populations. Attempts to 
S(iuee/e more crops from marginal lands 
have resulted in shortened fallow peri- 
ods, declining soil fertility, and reduced 
crop productivity; rising fuelwood de- 
mand has spread desertification- 

Agroforestry projects in a number of 
countries are attempting to reverse 
these deteriorating conditions. In the 
Kordofan region of Sudan, where deser- 
tification and firewood shortages are ex- 
tremely severe* efTorts have focused on 
restoring the traditional praaice of 
growing nitrogen-fixing acacia tre^s 
along with food crops, Turt Hammer, 
designer of the Sudan program* attrib~ 
utes the willing cooperation of villagers 
largely to this emphasis on rebuilding 
time-tested sustainable land-use prac- 
tices, as well as to their perception that 
the program would supply food and 
water along with fuel Overall, Hammer 
states, *'the fact that close to 1,000 farm- 
ers have actually planted seedlings to- 
gether with their agricuhural crops and 
that many more are in line to Join next 
year's activUies shows that the farmers 
themselves — small and large, men and 
women — regard the restocking of the 
gum bdt through agroforestry as one 
important measure to help secure a safe 
i?velihood in the area,***** 

Alleviating pervasive fuelwood short- 
ages in the tropical countries requires 
not only programs to increase wood sup- 
|>lies btit also efTorts to use existing sup- 
phes more elhciently. Open fires, which 
Waste over 90 percent of the heal they 
generate, are still a primary means of 
cooking. In Ktiiyat where the fuel crisis 
is particularly actue^ it takeA nine million 
tons of wood to produce one million 
tons of charcoal. Yet wUhout more- 
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cflkinu sio\t*5, iluN (har(o.il buruN wUIl 
only a 5-10 pcrcciu cfticiciic)', iiwvn 
that 70 pcrccm of the charcoal ts used in 
cities while 90 [HTcetrt of Ktm a*s people 
live in rtiral areas, it is questionable 
whether Kenya can afford to use its wood 
in tliis 1^ ay, even though it dws ense the 
tr^tnsport of fuel to urban areas,^^ 

Althotigh sto\es are available that can 
cut fuel consumption in half, their intro- 
dtit tion has met with limited success. 
Observers liave found that niral people 
resist using these stoves becaust' tl^'V 
often are not well suited to local social 
and cultural practices. Researchers at 
the Beijer Imtitute in Sweden, following 
extensive study of the fuel crisis in tropi- 
cal Africa, conclnded that ''efforts to im- 
prove stove design are essentially mis- 
guided in iliat the rriteria for design is 
physical efficiency rather than soci il efli- 
cienc>/*** As with social forestry pro- 
grams in general* wot king with the local 
people in the planning .ind design of 
technologies to improve (heir cooking 
and ht*ating methods is essential 

In several countries where logging has 
contribtited to forest depletion* pro- 
grams have been introduced to protect 
forests from wasteful and unsound tim- 
ber practices. One ar.parently successful 
effort in the Ptttlippines integrates local 
processing of pulpwood with an agro- 
forestry program aimed at stabilizing ihe 
livelihoods of tlw shifting cultivators 
largely rei$ponsibte for forest destruc- 
tion. The Paper liulustries Corporation 
of the Philippines (PlCOP), a 30-ycar- 
old [)til>lic corporation, was a pioneer 
among tropical rountries in developing 
domestic wood processing facilities. By 
1971, PICOP had established pulp 
and newsprint mills^ a container board 
plants a sawmill, tiso plywood mills* a 
veneer plant, and a blackboard plant, 
PICOP*s integrated complex allows it to 
use nearly all the tree species and qtiali- 
ties of wood found on the 183.000 hec- 
tares of ptiblic land it manages u^der 



license from the Philip pine Govern- 
ment 

PlCOP*s innovative program encour- 
ages nearby stnaU farmers to grow trees 
on their marginal farmland for sale as 
pulpwood for the indiistry*s mills, This 
program, funded in pari by the World 
Bank, offers loans to farmers through 
the Development Bank of ilic Philip- 
pines and helps participants to plant and 
care for the seedlings. The tree grown is 
albizia, a fast-growing legume especially 
suitable for manufacturing newsprint, 
riirougli PlCOP*s extension services, 
farmers have also been taught ways to 
improve their farming and livestock 
methods. By March 1978, a total of 
3,400 farmers were growing roughly 
nine million set^dlings on 16.600 hect- 
ares, John Spears of the World Bank 
cautions that cash-tree programs such as 
this are suitable mainl' when a process- 
ing plant is located within a reasonable 
distance. Transportation costs pre- 
vented small farmers outside a 100- 
kilometer radius of the PICOP niill 
from participating. Nevertheless, similar 
schemes hold promise for other coun- 
tries, and tree-farming projects are 
being developed near other processing 
planis m the Philippines,^^ 

China and South Korea have been 
widely lauded for their success in refor- 
esiiug their countrysides to restore the 
environmental suppoit functions of 
their degraded lands More countries 
are now following suit. The World Bank 
is funding watershed protection efforts 
in Indian Indonesia* Ncpah the Philip- 
pines* and ITiailand. These projects in- 
volve not only soi! conservation and 
reforestation projects but also measures 
to improve irrigatioUt flood control, and 
farming and grazing practices so as io 
create more-sustainable land tise sys- 
tems in these areas. An analysis of be- 
nefits accruing to farmers from a soil 
conservation and forestry program in 
Thailand showed that increased crop 



105 



state of the World— 1984 



(90) 

yields and f ut'lwood and fodder produt- 
lion would give ihc projeci a raie of re- 
mm of 13 percent— evidence of ihe real 
economic value of ecologic resiora- 
lion*^ 



The Prospects for 
sustainabilitv 

Sustaining the forest resource base in- 
volves defining the socially optimal mag- 
nitudes and mix of wooded lands— old- 
growth natural foresi. natural or 
artificially regenerated forest, plant?-^ 
tions. and woodlots — that will boih 
allow demand for wood products to be 
mci without depleting the forest capital 
and preserve the essential nonmarket 
values of the forest ecosystem. Changes 
now taking place in ihe siructure and 
composition of tropical forest resources 
resemble those that occurred in the tem- 
perate zone in past decades. Increasing 
demands for wood and wood products 
have diminished old growth natural 
stocks, bringing demand and available 
supplies imo closer range. This has fos- 
tered a gradudl shift away from reliance 
on natural foresis toward greater pro- 
duction and use of wood from higher^ 
yielding plantations.^^ 



The current rate of planting would 
have to he increased more than 13 
times to reach the level needed to 
meet year 2000 needs^ 



In most regions of the tropics this 
transition has begun only recently. The 
FAO assessment of tropical forests pro- 
jects a resource base in 1985 of about 2.9 
billion hectares, of which 40 percent will 
be closed natural forest; 24 percent* 



Table 5*6, Projected Tropical Forest 
Resource Base« 1985 



Forest Type 


Area 




(million hectares) 


Closed Natural Forest 


U63 


Open Woodlands 


715 


torest Fallow 


435 


Shrub land 


622 


Total 


2»935 



source: Untied Nations Food and Agriculiure Or^ 
ganij;aiiont Troptm( Foml Rturunts. Forestry P^pcr 
30 (Rome: 19S2) 



open woodlands; 15 percent^ forest fal- 
low; and 2t percent* degraded shrub- 
land. (See Table 5-6,) 

Plantations are expeaed to cover 17 
million hectares by 1985. only 1 percent 
of all natural forest and open wood- 
bnds. Based on estimates of existing 
plantaiions and programs planned or 
under way. FAO projects that 59 percent 
of ihese plantations will grow trees for 
industrial wood uses— primarily saw- 
Iogs» veneer logs^, and pulpwood — while 
the rest will be nonindustrial plantations 
growing trees to provide wood for fuel 
or charcoals nonwood products such as 
fruits and gum arabic. or protection of 
soil and catchment areas. (See Table 5- 
7.) Industrial pbntations are expected to 
increase at 580.000 hectares per year be- 
tween 1981 and 1985. 15 percent more 
thaii during ihe preceding five years, 
Nonindustrial plantations are projected 
to grow by 5 19.000 hectares per yean a 
24 percent rise over the preceding five 
years,** 

At this rate of planting, the ratio of 
tropical areas being deforested to areas 
being planted with trees will be ten to 
one. Some of the deforesied areas will 
support secondary growth; overall, how- 
ever, planting will fall far shon of com- 
pensating for deforestation. More tm- 
ponant is the exient lo which ihe 
projeaed mix and productivity of forest 
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With Projections for 



(9l) 



Annual Area Planted 



Planiauon 



I97M0 



1981-85 



Total Area 
by 1985 







(thousand heaares) 




Industrial Plantations 


503 


580 


9.968 


Fast-grou'hig hardwoods 


14<) 


214 


3,185 


Other hardwoods 


127 


100 


2.734 


Softwoods 


227 


266 


4.049 


Nonindustrial I'lantattons 


418 


5!9 


7,039 


t-'ast-growuig h:irdwoods 


286 


385 


5.211 


Other hardwoods 


90 


87 


1,310 


Softwoods 


42 


47 


518 



sot'ttCt. tlnited N^tion^ Food jnd Agrtcultiirc Organitdtton. T ropic<ii Forest Rfsourtfi^ Forestry Paper 



resources could meet Futureworld needs 
on a sustainable basis. Here the picture 
IS sobering, particularly for fuelwood in 
the developing world. 

Given current planting rate*!, tropical 
nonindustrial plantations will cover 14.8 
millbn hectares in the year 2000, 
slightly more than twice the area today. 
If the wood from all these plantations 
were used for fueh and if each hectare 
atmually yielded 20 cubic meters, 296 
tntUiott cubrc meters of fuelwood would 
be available from plantations in the year 
2000. Extrapolating prevailing per 
capita consumption levels to the year 
2(>00» w-ht'n the developing world's pop- 
tilation is projected to be 4.86 btllionf 
yields a requirement of 2 J 9 billion cubic 
meters of fuelwood. Tlius fuelwood 
plantations would meet only 14 percent 
of these needs. The current rate of 
pLintittg would Itave to be increased 
more than 13 times to reach the level 
needed to meet year 2000 needs. More- 
over, since 112 million people lacked 
sufficient fuelwood as of 1 980, per capita 
consumption figures are below what 
they would be if fuel needs were being 
met adequately. Indeed, FAO projects 
that 3 billion cubic meters of fuelwood 
might be needed for the developing 



world in the y^r 2000, Meeting this tar- 
get would require an eighteenfold in- 
crease in current planting.^^ 

Although no cause for complacency, 
the global picture for industrial wood 
appears bright next to these foreboding 
figures for fuelwood. A team of experts 
assembled by FAO from industries, uni- 
versitteSf and governments estimated 
lhat global resources in the year 2000 
could supply over 2.5 billion cubic me- 
ters of wood on a sustainable basis and 
that demand under moderate growth as- 
sumptions should be about 2 billion 
cubic meters. However* the team's pro* 
jertions pointed to large imbalances in 
regional demand and supply. Western 
Europe and Japan are projected to have 
net trade deficits in the year 2000 of 75 
and 118 million cubic meters, respec- 
tively, and collectively the industrial 
countries (excluding the Soviet Union 
and Eastern Europe) are expected to 
need imports totaling 130 millton cubic 
meters, Xforeover* higher rates of popu* 
latton and economic growth would in-^ 
crease demand worldwide. Under FAO's 
high*growth assumptions, demand in 
2000 would be about 2.6 billion cubic 
meterSf exceeding projected available 
supplies,'** 
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llic FAO itiiin iissumcti ifiai wood 
from developing countries could fill in 
two thirds of ihe expected 130-iriJM;^n- 
cubic-meter gap in industrial countries 
througli less-selectivc cutting ofexisting 
stocks, logging of less accessible areas, 
and plantations. Based Jus^ on esiiittates 
of forest area and productivity, tbe So- 
viet Union could conifonably supply tlti- 
additional 30 million cubic meters 
needed to balance the global demand- 
supply equation. Of the Soviet Unions 
estimated 785 million Itectares of for- 
ests, only abotit half are considered ac- 
cessible for timber operations. Softwood 
taken from these exploitable forests is 
iihi'ady thought to he outpacing the stis- 
tainable har\'cst, yet hardwood removals 
are only about one-fourth the estimated 
sustahiable yield of 230 million cubic 
maers. I hus while balancing overall 
numbers, the sttidy team foresees strattis 
on supplies of tropical logs, soltwood 
logs, and pulpwood.^' 

Clearly, the practical reality may not 
match the on-paper possibility ofbalanc- 
ing world wood needs with supplies in 
this manner. Export decisions by the So- 
^ iet Union and developing countries un- 
doubtedly will be shaped by domestic 
goals and policies that may not accord 
with the needs of wood-short regions. 
And per capita consumption of wood 
products in the developing world has 
risen dramatically in recent years. (See 
lable 3-8.) The combination of these 
trends and Third World poptilation in- 
creases will intensify pressures for do- 
mestic use of tropical wood. China was 
a.sstimed by the FAO team to be self- 
su.^cient in both hardwoods and soP- 
woods over the long term. Yet log ex- 
ports to China from the Vaited States 
jumped from 210,000 cubic meters in 
1980 to 1.28 million cttbic meters in 
1982 — a sixfold increase,^* Chinese im- 
port needs in the future will depend on 
population growth, industrialization 
plans, attd the sucees.s and scale of 



Table 5-8. Per Capita Coitsumptioit of 
^Vood Products iit Developing CouittrieSt 
1970 and 1980 





1970 


1980 






(cubic 


(|)tr<enO 




meters) 




Fuel wood 








arul Chan oat 


44.^ 


.452 


+ 2 


Indusihai 








Wood" 


mo 


J18 




Paper and 
Taper Board 


,005 


.008 


+60 



uood. uuim<K>d Mui %k'cpcrs, and w<KKl-ba%cd 
paiich. 

sot RCi^. Uhilcd Nanoiis Food .ind Agmiitluu' Or- 
gamzatioiii Hfgioitftt Tabids of Prududion, f wd^ and 
CoiwiinffUvtt <^ foust Produ€t\ W'oxki Ereuomir dds^'^ 
itfid Hfgtons (Rome: 1982) 

anbrestatjon efforts, all presently open 
to speculation. Indeed, the team con- 
cluded that if world demand ►^caehes the 
projected high-growth level of 2.6 bil* 
uon ctibic meters, the ad/iitlonal needed 
wood might come "^at a considerably in- 
creased co&t, from the trorjical forests of 
the Amazon Basin and the less accessible 
coniferous forests of Siberia and from 
lower quality Nonh Amencati hard- 
woods. Additional quick-growing plan- 
tations in the tropics would also be 
needed."^* 

Although laced with uncertainties, 
these trends clearly portend rising prices 
and greater pressure to log tropical for- 
ests. Competition forincreasingly scarre 
tropical logs between imponing coun- 
tries and wood- processing industries 
within the producing countries wiU also 
raise priees. Use of more species and 
grades of wood from tropical forests, as 
well as of mill residuals for pulpwoodi 
can cotinterbalance some of these pres- 
sures. Yet with ^n exacerbating fuet- 
wood crisis in the dev eloping world and 
the newly recognizee! ]>osstbiIity of de- 
clines in forest prcr^t*cti\ity in some key 
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temperate regions Irom acid depositiotL 
sustaining an adequate global timber 
supply win present some hard choices. 
More plantations are clearly a key to 
meeting fiiiure demands. The story of 
plantations so far in tropical countties i^ 
one of tnircalt/ed pot'^ntial, Ktghty-rrve 
percent ol the areas u xdergoing reior- 
CMation are platited with one of three 
types ol trees: pines, eucalyptus, or teak. 
Many other spef ies may prove more tjse- 
ful in meeting not only dem;:ids for 
wood but iilso the wiried needs ol'loeitl 
populations. Initial experinietits with 
some tinle-known tropical legume spe* 
ries, for example, are showing great 
piotnise, I he ehnraetenstics of many 
legumes make them idiMlIy suited to the 
nmltiple purpose* of reforestation 
efforts. They iire natural j^+fMieers m 
plunt succession^ an') thus ii logical 
choice for reforestitig degnided lands 
and controlling erosion. Many species 
can he seeded directly, avoiding tlie ex- 
pense and complications of distribution 
frotn nurseries; with their ability to fix 
nitrogen^ they require little or no fertili- 
zer I heir inherent hardiness suits them 
remarkably to degraded nutrient-poor 
soiL and <j variety of climates and envi- 
ronments, A recently published manual 
describing 90 different iirewood species 
includes 35 belonging to the legume 
family.^-* 

Although clearly optiniistie about 
these species* poientiaK scientists who 
have introduced and studied them in 
various locations and conditions are cau- 
tious not to view them as a panacea, 
Monoculture phintatious. especially of 
introduced sper^es, are not without eco- 
logic risks, and the hardiness of some of 
these species raises the possibility of 
their becoming tmcontrolled weeds. An 
informed verdict on the real potential 
and conseC|uenees of these tropieal tree 
legumes will not be in for perhaps five to 
ten years. Yet restilts to date are promis- 
ing. 



Leucaena^ which has sli<^Wn produe- 
livities of 30-50 eubic meters per hect- 
are, IS being planted on thousands of 
hectares in the Philippines, including 
large areas of degraded grasslands. 
Leucaeiia supplies fiber suited for paper- 
nntkrng and wood for pulping, as welt as 
forage, fuel, and ftTtllizer, Acacia trees 
have taken hold on barrc^n spoil dumps 
from tin tnihUig in Malaysia and helped 
to stabib/e eroding hillsides in In- 
donesia, Foresters have planted over 
I5,(M>0 hectares of degraded land in 
Malaysia with another ;)caeia variety that 
appears to grow on quite acidic soils. Its 
high-quality wood offers potential for 
sawed timber furniture, veneer^ fire- 
wood, and I'larcoal as well as pulp and 
paper, Fuehvood plantations ofcallii^n- 
dia now cover some 200,000 hectares in 
Java, many planted hy local villagers who 
often intercrop these small firewood 
trees with fruit trtx^s and vcgetahles,^^ 

Many other species look equally 
promising. Collectively, they not only 
hold potential for helping to meet fuc4 
and industrial wood demands, hnt also 
ina> enhance the prospects for a sustain^ 
ahle way of life for rural populations, 
rheir beauty ties in their apparent ability 
to battle not only deforestation's conse- 
quences — both economic and ecofogic 
— but its causes as well. If even 10 pet- 
cent of the land now in forest fallow were 
planted with species yielding an average 
of 10 c ubic 'dieters ptT hectare, an addi- 
tional 870 iiuilion cubic meters could he 
available each year to help meet fuel- 
wood and other needs. 

Plantations clearly cannot he the sole 
savior of tropical forests. Odd as it may 
sound, further exploitation of natural 
forests themselves may he a kt7 to their 
stirvival— not traditional exploitation for 
timber, bnt exploitation <md sustainable 
use of the multitude of other products 
this tich resource offers, Citinga host of 
specialty materials valuahL* to industry 
— including latex, gum, camphor, resins, 
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tannins, mnl <lycs— Norman Myors pic- 
tnros the posstbUity ofindustml confers 
nsing as raw materials tropical forest 
products harvested on a sustainable 
basis with liule disturbance of tite nattt- 
ral forest,'^ Ways to exploit tropical for- 
ests* economic potauial while prosm-- 
ing dieir t^sseniial ecologic functions are 
maiiy^ though as ya th<.7 are liule recog- 
nized or explored. 

In most developing countries* the in- 
stiiutionst financial capital and social 
mechanisms needed to chart a sustain^ 
able course for forest resotirces are not 
yet available. International lending or- 
gaiti^^aiions have a vital role to play not 
only in hel])jng define this course but in 
providing the technical and financial 
means by which developing countries 
ean embark upon it. The World Bank 
and U,N, lending agencies arc now plac- 
ing increased emphasis on community 
forestry, on projects for ecologic resto- 
ration, and on forestr>''s integral role in 
rural development. Although none of 
the agricultural and rural development 
projects funded by the World Bank be- 
tween 1969 and 1972 included a forestry 
Component, 17 of those between 1973 
and 1077 did, OvtT 60 percent of World 
Bank loans for 1 978-80 forestry projects 
were geared toward environmental pro- 
tection and fiielwood production, FAO's 
1982-83 budget for forestr>^ pmgranis 
was 30 i>en'ent higher than the previous 
year, iiteltuling a 67 pwent increase in 
projects for rural development,^^ 

No infusion of dollars, however large* 



can alter the present course of forest de- 
struction without the institutions and so- 
cial mechanisms to direct these dollars 
to the problem*s core. Recent efforts 
show that foresti7 programs are bound 
to fail if they neglect the basic needs of 
the forest*s human dependents. As M,A, 
Flores Rodas of FAO states, ''Once we 
are all convinced that* in order for the 
forest to survive, its inhabitants must 
survive firsi» we shall reach the point 
where both can sur'ive,'*^* 

Greater emphasis on social foresti7. 
reforestation* and forest preservation 
engender optimism. Vet the deforesta- 
tion dilemma still cries for more commit- 
ment* clarity, and vision. Reforestation 
effons are less than a tenth of what Uiey 
need to be to avert a worsening fuel<- 
wood crisis. Dollar commitments for 
creating and maintaining tropical forest 
reserves are woefully inadequate to en- 
sure that species and gene pools are pre- 
served for this and future generations. 
New institutional mechanisms are 
needed to generate and wisely channel 
the billions of dollars needed over the 
coming decades to sustain the products 
and nonmarket values of these forests. It 
is neither plausible nor equitable to ex- 
pect the developing countries endowed 
with this resource to shoulder the bur- 
den of its preservation unaided. Tropi- 
cal forests' intrinsic role in maintaining 
ecologic integrity and biologicai and ge- 
netic diversity make them global assets 
warranting a global commitment to their 
preser\'ation. 
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Recycling Materials 

William U Chandler 



Woodi iroTit and aluminum^ the princi- 
pal maieriais used in a modem economy, 
will serve as basic building blocks of a 
sustainable future. But their availability 
is threatened by the uncertain prospects 
Tor energy* a resource with painfully ob- 
vious constraints/ Simply maintaining 
turreni levels of materials production 
will require prodigious quantities of en- 
ergy- World steel production alone con- 
sumes as much energy annually as Saudi 
Arabia produces. To raise global per 
capita use of metals to U.S- cis would 
require the energy output cf seven Saudi 
Arabias, or 40 percent of commercial en- 
ergy consumption. Many people still lack 
basic material amenities — metal for 
water pipes* wood for housing— and the 
earlh*s population is still growing. Recy- 
cling* fortunately, can cut the energy re- 
quired in materials production by 50 to 
90 pei-cent and thus help narrow the 
widening inequity between the world's 
rich and poor- 
Throwing away an aluminum beverage 
container wastes as much energy as pour- 
ing out such a can half-filled with gaso- 
line; failing to recycle a weekday edition 
of the Wcskington Post or Los Angeles Times 
wastes Just about as much.* Because pro- 
ducing and consuming energy to manu- 



facture wood, aluminum, and steel 
products create severe environmental 
problems, req^ding promoter Environ- 
mental protection. And solid waste dis<- 
posal> at $30-100 per ton, represents a 
major budget item for many cities.* Resi- 
dents often react strongly against having 
dumps located near their homes, creat- 
ing political roadblocks to waste dis- 
posal. The prospect of achieving a 40 
percent reduction in solid waste> as some 
cities have done, offers leaders a tangible 
political and economic opportunity. 

Recycling thus saves energy and ex- 
pensive raw materials> protects the envi- 
ronment, and cuts waste disposal costs. 
Despite these advantages, only about 
one-quarter of the world's paper, alumi- 
numi or steel is recovered for reuse. 
Nevertheless, certain areas have made 
remarkable progress. These cities* 
states, and countries have developed 
markets for the waste products they col- 
lect and have facilitated collection in a 
variety of ways. Many countries have in- 
vested in recycling equipment even 
when locally available scrap has been in- 
sufficient; imports of waste paper, scrap 
iron, and aluminum scrap have thus con- 
tributed to recycling elsewhere. Their 
investments have saved capita) and en- 
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<*tg\ ;iii<l Ii.ivc'Ik'I|>c<I nations ((Htt|K'[c in 
tntcmatiunal markers b> reducing dvhi, 
ttnproviag traclc balances, att<l lowering 
the iosi of products manufactured for 
rxporl, A large ttttet national trade lit re- 
cyclable materials has develo|>e<l, m (att. 
providing a ]>owerrttl ttew tool that <'an 
tiaitsfortu wajiteftii world materials ut- 
<lttstn' into one tliut is sustainable. 

Wood, aluminum, and iron take prior- 
ity lit recy cling because their production 
re<(iiires large <{uat)tities of energy and 
cihises major envinmntental problems. 
Also, their abttttdance should satisfy de- 
mand for base materials in the foresee- 
able future. Among resources* however^ 
wood takes a special place: It is a fuel. ^ 
building material, the raw material for 
pa|>er, and a substitute for oil as a feed- 
stock lor chemicals production. And it is 
renewable. Sustaining the world's for- 
ests, already being depleted faster than 
they are being renewed, is therefore a 
special necessity. Yet progress in recy- 
cling paper has been slower than that of 
alutntnum, and the paper recycling in- 
dustry is much smaller than that of iron 
and steel. 

Each material rc<]uires different recy- 
cling teclinotogies, policies, and mar- 
kets. 1 he constraints on recycling may 
differ from resource to resource, much 
as trade barriers for iron scrap differ 
from tax subsidies for timber harvesting. 
Kemo\n)g such obstacles may require 
action on i)lanes as diffeietit as local zon- 
ing boards and international trade com- 
missions, Each resource, its potential for 
recyclitig, and its special technical and 
])olitical tirrtimstances must be consid- 
tTed in iitrn* 



The Virtue of Necessity 

Kecyclittg has been an environmental 
goal for a decadr now, but only a few 



areas of the world have registered gains. 
Voluntary recycling efforts have brought 
some success, but progress has come 
about mainly in response to necessny. 
Countries that have increased materials 
recycling have been motivated by three 
ntatn factots: short supply of raw materi- 
als, high energy and capital costs for 
processing materials, and high environ- 
mental costs in materials production and 
disposal Countries that have not pro- 
gressed have generally masked necessity 
with price controls and trade barriers. 
Those that have succewled, however^ 
have turned their handicaps to advan- 
tage^ They have cut both environmental 
and economic costs of materials use. 



Recycling half the paper used in 
the world today would meet almost 
75 percent of the demand for new 
paper and would free 8 million hect- 
ares of forest from paper produc- 
tion* 



Metals recovery reduces pollution. 
Using coke in iron ore reduction pro- 
duces copious quanttties of airborne 
particulates, including carcinogenic sub<^ 
stances such as benzopyrene,^ Recycling 
iron and steel reduces these particulate 
emissions by 11 kilograms per metric 
ton of steel produced. It also cuts coal 
and iron ore mining wastes by 11,000 
kilograms per metric ton recycled- 
These solid wastes, unless handled 
property, can contaminate surface and 
groundwaters with acid and toxic metal 
drainage. Recycling aluminum reduces 
air emtssions associated with its produc* 
lion by 95 percent. (See Table 64-) Don* 
bHng worldwide aluminum recovery 
rates would eliminate over a million tons 
of air pollutants^ including toxic fluo* 
ride> 
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Rfcyding Xtaimtib i^y) 
Txble United Sutes: EnvironmenUil Benefits of Recycling^ 

Knvironmcmal Benefit Paper Alummum Iron & Stoel 

(pcrcont) 

Rcduciion of Energy Use 30-55* 90-95 60-70 
Reduction offipoil «^ Solid Wiisto 130' 100 95 
Reduction of Air roHutio ii 95 95 30 

UVrccni fcdiKtKiti m B L Ls. t<iiis ot wavte, tons otpaflKitljtes. ric, per ton <if material r<rcycM. 

^Refers to combustion of bi^th commercial energy jnd wood residues. ^More ihan j 100 percent 
reduction is possibk< because L 3 pounds of waste paper is required lo produce one pound of recycled 
paper, If all paper were rec>cled, (he waste reduction, of course, would etjual only 100 percent 
sotttu.s: K,C. /legler ei al , tmpach of Vx^prx md Rfr^dfd Sffri and AiutntHum (Washinglon. 1>.C: U.S. 
Kii\irofimetMal Protection Ageiuy, Wasff Pnpft Hfwrry (Pans Organisation for Kconomic 

Co'operaiton and E>e^Tlopmeiit. hl79) 



Paper recycling helps preserve forests. 
Paper products use about 35 percent of 
tiie Korid*s annual commercial wood 
harvest, a share that will probably ^row 
to 50 percom by the year ?000,* Al- 
though a sanguine attitude regarding 
the state ofthe world's forests has a cer- 
tain following, there is little reason for 
complacency. As documented in Chap- 
ter 5, the world's tropical hardwood for- 
ests are expected to decline 10 percent 
by the end of the century, 'ITie softwood 
forests of western Russia have long been 
harvested at unsustainable rates, while 
those of central Europe are dying from 
air pollutton, llie resulting decline in 
wood production will put additional 
pressure on olher forests,' ITie United 
SlateSt producer of one-third of the 
world s commercial forest prodticts* 
would be expected to take up much of 
this slack. But the har\'est ofmature soft- 
wood forests in the United States has 
exceeded replacement for several 
drcades, Indttstry-owned forests, in fa<.tt 
have been eut so heavily that mature 
trees have been depleted at an annual 
rate of I to 2 percetu* apparently since 
the early fifties,* 

forests in the United States may not 
be as ample as many imagine* however, 
anv! may require additional protection, 
U,S, oflicials define a forest as an area as 
small as one acre that is 20 percent cov* 



ered by trees. Mature softwood trees are 
identified as diose over nine inches in 
diameter, though this describes a very 
young forest. Intensively managed 
woodlands will not retain ihe species di- 
versity of natural forests and will not be 
as resilient against disease and pollution. 
Advocates of more intensive harvesting 
in the United Slates point out that 
''growing stock" has been cut at rates far 
below replacement* but they ignore the 
fact that, as the Wall ^'i^^' Journal put it, 
"these forests are neither deep* nor 
dark, nor lovely,'*^ Much of whal is 
called forest can neither satisfy human 
aesthetic needs nor produce commercial 
timber. 

Paper recycling can help satisfy addi- 
tional paper needs for years to come. 
Only 25 percent ofthe world's paper is 
now recycled* though no technical or eco- 
nomic reasons prevent a doubling of 
this figure by the end of the century. 
Recycling half the paper used in the 
world today would meet almost 75 per- 
cent of the demand for new paper and 
would free 8 million hectares (20 mil* 
lion acres) of forest from paper produc* 
tion, an area eqtial to about ,5 percent 
of Europe's woodlands. But projections 
ofthe future use ofthe waste paper re* 
source are far less optimistic. Franklin 
Associates, a consulting firm speciali?* 
ing in paper recycling, projects that recy- 
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cled paper will supi^ly only 2H percent of 
world paper prodiicUon in tlic y^'ar 

Less well known are the economic be- 
tiefits of matciials rec\<h]ig, Producinj^ 
paper, aluminum, and iron and steel 
f rom seeondary instead of virgin ttiateri- 
als typically halves investment costs 
and, though varying with the product 
and the country, can cut total costs stg- 
tiificantly. Because energy costs are also 
lower, rec\'cled paper can compete Ta- 
vorably in ttiatiy markets, dependitig on 
the cost of collecting the paper ITie 
total production costs Tor producing alu- 
ntinuni and iron and steel from scrap in- 
stead of />re can be 10 to 30 percent 
lower Debi-ridden developing coun- 
tries and their lenders cotild benefit 
from investing in recycling rather than 
materials production Trom virgin ores 
and fibers." 

Unfortunately, many nations — indus- 
trial as well as developing— continue to 
mask the growing necessity of capturing 
recycling's benefits. They subsidize en- 
ergy use with price controls, production 
tax incentivesi and the uncontrolled en- 
vironmental cost ofproducing and using 
energy in materials processing. The full 
cost of energy-intensive materials is not 
accurately represented in prices, and the 
incentive to reduce these costs is conse- 
quently diminished. The true cost of en- 
ergy includes damage to forests from 
aeid rain, to htiman lu^alth from pollu- 
tion, to human and aquatic populations 
displaced by hydroelearic projects* and 
so on. Solid-waste disposal costs usually 
are paid in general taxes, not by in- 
dividuals who create waste, leaving no 
incentive to reduce costs. And export 
barriers have been erected spectftcatly to 
reduce the price <ir metal scrap, a mea- 
sure that reduces the incentive to collect 
scrap and makes it less available as a sub- 
stitute for primary' materials. Countries 
that lead in recycling have removed 
mosit if tK>t all, of these masks. 



Waste Paper 

World waste paper consumption has in- 
creased 140 percent since 1965, Paper 
consumption has doubled over the same 
period, however, so the share of paper 
recycled has changed only slightly, from 
20 percent in 1965 to 24 percent in 
1982, Despite this poor record, certain 
countries have achieved much higher 
rates ofpaper recycling than others, {See 
Table 6-2,) Moreover, niuch of this 
progress has been made only in the last 
ten years, <See Table 6-3,) 

Japan, the Netherlands, Mexico, 
South Korea, and Portugal lead in waste 
paper recovery or use, Japan in 1980 col- 
lected almost hair the paper used in the 
country. The Netherlands* which has 



T«bl« 6-2. P^per Us« mnd Wut« Paper 
Recycling, Selected Countries, 1978-^0 





Annual Paper 






Consumption 


Recovery 


Country 


Per Capita 


Rate^ 




(pounds) 


(percent) 


Mexico 


aa. 


50 


Japan 


$26 


45 


Netherlands 


547 


45 


Spain 


156 


40 


South Korea 


87 


58 


Htingary 


152 


37 


West Oermany 


346 


55 


Sweden 


477 


54 


Italy 


205 


29 


Brazil 


64 


29 


Australia 


295 


28 


United States 


580 


26 


Canada 


417 


18 


Philippines 


22 


16 


Nigeria 


7 


2 


World Estimate 


80 


24 



^WaStc paper collected as a percent ofpaper 
consumpiion, ihreo^vcnr artrragc, !97!t-80, 
SOUftCF,: United Nations Kood and Agriculture Or* 
ganiration^ Advisory Committee on Putp and 
Paper, "Waste Psper Data l97fU8(>," Rome, 1981- 
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T«bte 6*3, Wftite P^per Recovery^ Selected Countries* 1960-60* 



(99) 



Countt7 


1960 


1965 


1970 


1974* 


1080 








(percent) 






AuStraltti 


n^ 


16 


n,a. 


23 


28 




22 


25 


30 


30 


33 


Canada 


10 


15 


19 


18 


19 


Denmark 


21 


13 


18 


28 


27 


FratKc 


27 


27 


28 


31 


30 


W<*tt (tt^rmanv 

VS ^ ft ft J 10*1 J 


27 


27 


30 


32 


35 


Italy 


15 


17 


21 


28 


30 


Japan 




37 


39 


39 


47 


Netherlands 


34 


34 


40 


46 


44 


Nnway 


16 


20 


17 


21 


22 


S^iain 


25 


28 


28 


32 


38 


Sweden 


26 


21 


22 


28 


33 


Switzerland 


33 


33 


31 


40 


35 


United Kittgitom 


28 


29 


29 


28 


34 


United States 


na. 


22 


21 


242 


27 


Wnrld Estimate 


n,a. 


20 


21 


24 


25 



^Wastc f^apcr (.oll<fcied a percent of paper consumption^ 'Data for 1975 una\'aiUble, except for 
the United ^itates. 

sotiRce^: 194)0-74 data from Organisation for Economic Co-operation and Development, iVasUPapn 
Rteoitfry {Pans, 1979), 1980 data from United Nations Food and Agriculture Organization^ Advisory 
Commitlee on IHilp and Paper, "Waste Paper Data I97S-^," Rome, I98t, 



hccn a leader in paper recycling for 
dcc;tdc5f recovered 44 percent of its 
paper in 1980,** South Korea, Ponugal. 
and Mexico doubly contribute to waste 
paper recovery: They have high recovery 
rates and they import waste paper 

Why do some countries perform bet- 
ter than others? Their admirable per- 
formance has been predictably pro- 
moted by necessity. These "fiber-poor*' 
countries, without substantial forests 
available for pulpwood harvesting, have 
been pressed by price and scarcity to 
conserve waste paper,. This may be 
partly a matter of choice for thcjapa- 
nese, since they have forests on their 
northern islands that they do not heavily 
exploit. South Korea has made great 
strides in reforestation, but still places 
heavy demand on its forests, especially 
for firewood,'* 

Success in Japan and the Netherlands 
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has been promoted by twin necessities. 
In addition to being ''fiber poor/' both 
are crowded* land-poor countries with 
populations strongly opposed to waste 
dumps. These factors together have 
driven up both the economic and the po- 
litical costs of u *sting paper. Importing 
finished papet was expensive, and the 
Japanese passionately opposed dumps 
being located near their homes, making 
it politically costly for leaders to override 
residents' protests. The Dutch similarly 
opposed landfill disposal of municipal 
waste. Since 20 to 40 percent of Japa- 
nese and Dutch municipal solid waste is 
paper^ recycling ameliorates waste dis- 
posal problems.'^ 

Japan's efforts in recycling have his- 
torical roots but began in earnest in the 
mid-sixties. Now about 10 percent of 
Jean's total municipal waste is recycled, 
and efforts to increase this proportion 

115 



(too) 



Slfiteofthf Hmld— 198-9 



continued ''CoUo<.[iotioI wdsto materials 
is done m surprismgly diverse ways> sug- 
gesting ihat systems can be made to 
work in any number of circumstances as 
long as collected waste can be sold for a 
reasonable price. 

One of the first programs ui Japan re- 
sulted from the efforts of a private en- 
trepreneur who m I9fM) persuaded the 
government of I'eda City to pay him 
a portion of the "avoided costs'* of 
landfilliug the materials that his firm re- 
c>t:led- l*he city has found it preferable 
to pay a small recycling incentive than to 
pay a larger amount for waste disposal 
'ITie plan requires residents to separate 
refuse into combustible and noncom- 
bustible material Class is separated by 
hand at the dump and ferrous metal 
removed by magnet.*^ 

Elsewhere in Japan, Hiroshima has 
achieved stunning success: Disposal of 
raw refuse has been reduced *>y 40 
percent since 1976. Student clubs, par- 
em -teacher organizations, and other 
nonprofit groups that organize source 
separation programs and the delivery of 
waste materials are paid at or above mar- 
ket rateSf with a subsidy made possible 
by savings from avoided landfill fees. In 
Fuchi City, a suburb of Tokyo* the local 
government purchased recycling equip- 
ment for the use of ^ private firm The 
firm must turn over to the city much of 
the revenue earned from sales of recycla- 
ble materials, but is permitted to keep 20 
percent of any revenues above the costs 
of collection and operation of the facil- 
ity. In a variation of this approach, the 
Shiki district of Tokyo made the initial 
investment iu equipment, but lets a com- 
pany earn all its revenues from the sales 
of recyclablesJ' 

**\Vehave to change (wasteful] culture 
from the verj- roots/* asserts Muneo 
Matsuinoto> an official in Machida, *'ttte 
garbage capiial of Japan/* Machida 
boasis that its new recycling program of 
source sepaotjon and computerized 



processing recycles 90 percent of the 
city's gaifiageJ* Progress such as this 
flows from the legendary discipline of 
the Japanese, their proclivity for effi- 
ciency> and their wtUitigness to cooper- 
ate and solve problems. The grass-roots 
information system provided by citizens 
works well* apparently as a result of the 
incentives provided to groups. The Japa- 
nese make it easy to participate and difii- 
cuknot to participate in paper recycling. 

The Dutch have taken a different* 
though equally successful* approach to 
waste paper collection. As in Japan* ne- 
cessity motivated national and local gov- 
ernments to encourage recycling; Both 
fiber resources and land for waste dis- 
posal have been scarce. The Netherbnds 
has historically achieved the best paper 
recycling record in the world, using a 
few key policies to make the marketplace 
work better. For example, the govern- 
ment established the world's first waste 
exchange* a free brokerage service to 
match buyers and sellers of waste. The 
government has also attempted to stabil- 
ize the typical boom-and-bust cycles 
in recyclables by establishing "buffer 
stocks." 

The recycling industry is particularly 
vulnerable to wild cyclical swings in the 
market* and the recent recession has 
been the worst since the Great Depres- 
sion. Buffer stocks enable collectors of 
waste paper in the Netherlands to sell to 
the government-established fund when 
prices drop below a predetermined 
level. The stock is sold when prices go 
up again, and the fund is thereby replen- 
ished.*^ Some economists say this is 
costly and sometimes counterproduc- 
tive. It is difficult to match its operation 
with the needs of the market and thus to 
avoid undesired market distortions. Yet 
the approach has been used in both 
Japan and the Netherlands* the two lead- 
ing nations in paper recycling, and may 
merti further consideration elsewhere.^** 

The Netherlands also strongly pro- 



He 



Rfcyfhn^ Materials 



(ion 



moles source reparation, itiougti difrei- 
entl> fronijapan. which has relied more 
on awareness, information, inceniives, 
and armies of nonprofit organizations. 
The Dutch simpK enacted a lau reqtiir- 
ing source separation in all mtmtcipali- 
ties that have contracted for rollectioti of 
waste paper, iTieii stitcess reinforces 
the point that aitv mtmbt*r of policie's 
ma> he applied to effect recycling once a 
society makes it a priority. 

Mandatory sotirce separation has re- 
cently l>een applied with success in the 
United States. Islip, New York, was sut*d 
by the state to halt landftlling, partly be- 
ransr its dump was contaminating tin- 
dergiound watet and releasing vin>l 
dibride into tlit* air, A court settlement 
required the city to initiate recycling. 
Residents may now be fmed up to $250 
for noncompliance. No major enforce- 
ment actions ha\e been needwl yet, 
however, because the 50 percent compli- 
ance rate has exceeded the city's capabil- 
ity to handle recyclables. The collection 
program ha,s succeeded without costly 
investments m sophisticated engineer- 
ing devices, Residents simply place re- 
cyclables tn containers, putting glass and 
cans on top and paper underneath, Tlie 
cit> sorts ferrous material with magnets 
and the rest bv hand, as in Ueda Citv, 
Japan,^i 

''Markets first* collections second" 
stiottUI be the pliilosophy of recyclers, 
according to Ronald Rosenson of tlie 
National Association of Recycling In- 
dustrle,s in the United States, Iliat is, 
the first priority in materiaU recycling 
policy should be to establish demand for 
recyclable products, IT markets are es- 
tablished, collection will follow. To en- 
courage market development, the Scan- 
dinavian countries It^ve created a 
C(x>peraijve waste exchange: Sueden, in 
fact, helps industries with hazardous 
w astes find btivers who can put the mate* 
rial to productive use. These excliange,s 
are based on the pnnctple that one J]rm*s 



waste may be another's ra^v material, A 
West German waste exchange founded 
in 1974 has brokered over 20,000 offers 
and requests for recyclable materials and 
has expanded into Austria, Switzerland, 
northern Italy, and France, But the 
experience in the most successful coun- 
tries suggests, simultaneotistv establish- 
it!g markets and emotiragmg collection 
with various stioiig measures is impor- 
tant,^^ 



Machida (Japan) boasts that its new 
recycling program of source sepa- 
ration and computerized process- 
ing recycles 90 percent of the city*s 
garbage. 



Necessity is the mother of collection, 
and uneven distribution of the world's 
forest resources provides some nations 
with local abundance despite global 
srarcity, thereby lessei ling their pressure 
to recycle. But Just as w asting gasoline in 
an oil-rich country carries an opponu- 
nity cost in lost export sales, so does 
waste of recyclable paper. If properly 
promoted, the new and growing interna- 
tional market for wa,ste paper could pro- 
vide a strong incentive to all countries. 
International waste paper trade has 
grown from almost nothing in the early 
seventies to about 10 percent of all waste 
paper collected, or 2-3 percent of all 
paper tLsed in the world, ITie value of 
this trade totals some $600 million, de- 
pending upon volatile market prices,*^ 

Mexico now produces half its paper 
from waste paper. In South Korea, im- 
ported waste provides 40 percent of the 
fiber used in paper production. Almost 
hall of Italv s paper production also de- 
pends on waste, a significant ponion of 
which is imported, Canada impons half 
the waste paper it uses,^* This, unfortu* 
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[lately, is a cortscquctitc of the low col- 
lection rate within its own borders. Most 
other importers have high domestic 
rates ofwaste paper collection. The high 
percentages achieved injapan, theNeth- 
crlandSf South Korea* and Mexico arc all 
the more remarkable considerittg that 
much of the paper they use is exported 
as packaging for manufactured good,s. 

The United States now dominates the 
international waste paper trade^ account- 
ing for 85 percent of net sales. The sig- 
nificant expansion of trade between this 
leader and Mexico^ South Korea, and 
Japan during the seventies can serve as a 
model for development ofwaste paper 
tra<le elsewhere, China* India, the Philip- 
pines, and lliailand could atl become 
large maricets for recyclable paper" 

But obstacles to trade could effectively 
block such development. Though trade 
in waste paper has so far met with few 
serious constraints* several factors have 
kept it below its potential. South Korea, 
for example, imposes a 10 percent im* 
port fee on waste paper Because the 
United States is the main source and 
shipping rates are extremely favoiable 
on this route, the tariff has not deterred 
paper exporters. Under less favorable 
transportation terms, however tariffs 
and constraints on hcensing imports 
would hinder recychng. Transportation* 
in fact, has been a serious impediment. 
Waste paper trade between the United 
States and Venezuela has been crippled 
by high rates* and inadequate rail facih* 
ties have hampered trade between the 
Utiited States and Mexico, Another sig- 
niftcani impediment has been unstable 
currency exchange rates. High values for 
the U,S, dollar have reduced the coun- 
try's exports ofwaste paper*^ 

In addition to encouraging the expan- 
sion of international trade m this re- 
source, paper recychng can be promoted 
by creating or widening its cost advan- 
tages over paper made from virgin pulp. 
One' advantage could be provided by in- 
creasing the price of virgin wood pulp to 



reflect its true economic value. In na* 
tions where mature softwood forests are 
harvested faster than they are replaced* 
reducing the rate of harvest would put 
the price of pulp closer to its long-term 
economic value. Forests would thus be 
afforded greater protection and waste 
paper recycling would be encouraged. 
Paper and wood prices need not increase 
as long as additional quantities ofwaste 
paper are recovered and recycled. 

The U,S, Government could take a 
major step in this direction* since it owns 
half the softwood forests in the country. 
The U.S, Forest Service directly affects 
the price of pulp by leasing large areas of 
national forests each year regardless of 
market demand. The suspension or 
modification of this practice* coupled 
with a setting aside of more publicly 
owned forests for wilderness atid park- 
land* would reduce the environmental 
subsidy of the use of virgin pulp and in- 
crease the relative attractiveness ofwaste 
paper. The United States may also find it 
particularly advantageous to acquire and 
protect forests in the Southeast* where 
wood harvesting is growing rapidly. 

The price ofwaste paper can be stabil- 
ized by increasing demand for it and by 
expanding its collection. Higher more 
stable prices would provide an incentive 
for commercial collection. Local zoning 
ordinances to reduce landfiU disposal of 
paper wastes* along with broader re* 
gional or national laws r^uiring source 
separation and mandatory collection of 
waste paper* wiU increase supplies and 
thus serve to prevent drastic price in- 
creases. Indeed* the greater problem 
will be to maintain demand for waste 
paper* International mai^cets wih be es* 
sential for this purpose. 

Waste paper will not be used unless 
there is the means to use lU and this tm- 
phes that a marked change is needed in 
investment strategies in the papermak- 
ing process. Following World War !!» 
most Canadian and U.S. papermakers 
built mills to exploit virgin pulp. A dif- 
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fcrent type of mill ts tc*i(uitc(l lo prodiuc 
paper from waste. Pri\aic (ompanics Kill 
be induced lo build recycling mills 
m^iinly hy policies thai increase the price 
difierence beiwmi virgin pulp and 
waste paper. 

In developing countnos, tiowevon 
using cheap wasie paper — doniesiit or 
imported — rather than imported pulp or 
linLshed paper products has alrt.*ad\ 
proved economicalh attracti\e. Interna- 
tional dovelopnieni agencies jnd iinaii- 
cial insiiiuiions have begun lorecogni/e 
the eosi-cutting potential of ni\esitnent 
in waste paper recycling in the I liird 
World, T\iv Wtjrld Bank coniribiited al* 
most $1 niilhon in \\^S2 to improve the 
efhctc*iK\ with which Kg>pt*s outcasts 
and garbage pickers, the Zebaleen, col- 
lect Cairo*s w^istes. I he organization has 
also su|)])oned a mtiliunillion -dollar 
project in Egypt that will recycle papei .^^ 
Such investments in de\eloping coun- 
tries can lead to higher rates of waste 
paper collection b\ creating a read\ mar- 
ket. 

Govenitiieiit prociireiiietH of rec\cled 
])aper stimulates recycling. B\ law\ the 
U.S. (lOi eminent must ptttthase jMper 
made ftom retycletl fibers, but the 
Carter and Reagan adniitihst rations have 
ignored this retpiirenieni/nie state gov- 
ernment of Maryland, however, has 
effecti\el\ complied with a similar law: 
1went\-five ))erteni of the state's jKijier 
is now recycled stotk/^** 'Hie Organisa- 
tion for Kconomit Co-opfration and De- 
velopment also encourages* jirocure- 
inc^tn of recu led paper for its ow n use as 
well as lor tliat t>f its 24 menibcT nations. 

The use of waste paper as a fuel in the 
United Staic*s has itnforttinateh cremated 
ail obstacle to increased recjtling* which 
J. Rodney Kdwards of the Ameritan 
Paper Institute calls *'ilie worst threat to 
paper recycling/' This threat is "flow 
control/* or government niono]}oly of 
the flow of waste matcTiats. llie opposi- 
tion to and cost of landfilling has drawn 
miuiteipal go\erninents lo the use of re* 
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source reto\et\ s\ stems, whith burn re- 
fuse to produce energy. But some cities 
have gone be\oiid using refuse and want 
to burn paper now being recycled. 
.\kroii, Ohio, for example, has built a 
resource recovery plant and has fouglii 
to conirol all waste products in ihe city. 
1 he plant's creditors successfully pres- 
sured the cit\ to ensure that atl burnable 
waste would flow to the facilit) in order 
to increase the re\enues generated by its 
energy sales. This meant that would-be 
rec\clers collecting old newspapers, cut- 
tings from envelope luaiiufaciurers, or 
corrugated (oiuaiiieni from supemtar- 
keis could be forced to deliver these 
materials to the city dump to be 
burned.^^ As a fuel, waste paper is worth 
about $20 per ton* while recyclable 
paper has a value of $40-60 per ton or 
more. 

ITie Japanese, the Dtneh, and others 
also wideh use incineration and eneigy^ 
rect ;ery, but onl\ after recyclable waste 
paper has been collected. I hese facili- 
ties can be sized in advance to account 
for paper reniovcnl for recycling. If they 
are not, however, cities will have a pow- 
erlul incetiti\e to discourage recycling. 
Main U,S, facilities were ])lanned in the 
energ\ crisis atmosphere of the seven- 
ties. But as David Brower, founder of 
tViends of the Karth, .said in opposition 
to a resource recovery plant in his home 
town, ihe\ may be '*a good idea whose 
time has passed.''^" Some U.S. advocates 
of |-ec\ cling call for a federal law to pro- 
tect rec\clers from mono])ol\ control of 
nutnici])ahties* wastes. Since the United 
States has 34 energy recover) facilities in 
opcTation, 20 nearing completion, and 
many others under consideration in 
communities facing shortages of landfill 
space, millions of tons of recyclable 
waste ])aper could soon be '*wastetl" in 
niunieipal incinerators. 

Another governinc»nt constraint on re- 
cycling stems f rom the control ol energy 
prices, The United Stales, for exiimple, 
controls the ])rice of natural gas, which 
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ranks setoiul only to wasto wood as a 
fuel for ihc VS. paper industry. As a 
result, the industry uses more natural 
gas and less waste wood to produce 
paper, Papor prices do not reflect the 
true energy costs of production, and (his 
in turn lowers the rate of paper recycling 
by decreasing the relative value of waste 
paper Because the United States pro- 
duces one-third of the world's paper, the 
government's policy on natural gas 
prices in effect reduces waste paper de- 
mand throughout theworld,^^ 



Recovering Aluminum 

Substiiiuing aluminum for heavy steel in 
automobiles saves gasoline. Substituting 
it for glass or for sieel packaging saves 
energy in iraiisportation and may allow 
easier, more efTicieni recycling. Yet pri- 
mary production, from bauxite, requires 
20 times as much electricity as using alu- 
minum scrap as a metallic feedstock. 
Bauxite and coal must be strip-mined, 
and rivers are often dammed to generate 
hydroelectric power for smelting. Dis- 
carded aluminum coniibers spoil the 
environment. Because these problems 
are serious, and because aluminum will 
play an imponant role in any industrial 
society* aluminum a^cycling is essential, 
I he world is far from achieving the 
technical potential for aluminum recy- 
cling. Although some analysts estimate 
that 80 percent ofaluminumcanbe recy- 
cled, less than 30 percent of that pro- 
duced in 1981 came from scrap. Half the 
recvcled aluminum came from industrial 
wastes™scrap produced in the smelting 
or cutting and fabrication of finished 
products. 

The low worldwide rate of aluminum 
recycling is caused in pan by rapid 
growth in the production of durable 
consumer items such as appliances. 



lliese products last many years and so 
do not soon yield their metal to recy- 
cling. Purchases of washing machines, 
refrigerators, and automobiles in Brazil, 
for example, grew at an annual rs^ic of 24 
percent in the early seventies,** Such 
countries, moving from low to high per 
capita rates of aluminum consumption 
or experiencing high rates of population 
growth, tan expect somewhat less alumi- 
num to be available for recovery. But 
many countries — such as Australia, Can- 
ada< Norway- and the United States — 
have had high per capita rates of alumi* 
nunt consumption for years yet recycle 
relatively smaD amounts, (See Table &- 
4,) Low recycling rates in these countries 



Table &4, Aluminum Use and Recycling* 
Selected Countries, 1981 





Aluminum 






Consumption 


Recovery 


Country 


Per Capita 


Rate^ 




(pounds) 


(percent) 


Netherlands 


21 


42 


Italy 


27 


41 


West Germany 


45 


33 


United States 


56 


32 


United Kingdom 


20 


28 


France 


26 


27 


Japan 


42 


25 


Switzerland 


34 


2] 


Norway 


42 


20 


Sweden 


34 


19 


Australia 


41 


16 


Canada 


36 


16 


Austria 


27 


15 


Brazil 


5 


15 


Mexico 


7 


10 


Soviet Union 


n,a. 


10 


World Estimate 


7 


28 



^Aluminum collected as a percent of cunsump* 
tion, 

sources: The Aluminum Association. Inc. Aiumt* 
mm Sfaltsluat Rrvtrtv for 1981 (Washington, D,C.; 
1^2); VS. Boreao of Mines, SUnnats Vrarbook 
mi (Washington. D.C.: 19S2), 
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may be dnc to histoncuUy low cttcrgy 
prices. 

Since energy accounts for 20 percent 
of llie cost of producing aUiniinum from 
viigin ore, ihe progress made in recy- 
cling during the seventies <an Ih.* ex- 
plained in pan b> energy prt< e mtre^iseN, 
(See Figure (>-!,) Great strides were 
made in the United States, ilhistrating 
tliat modem society tan adapt to in- 
creasing scarcity without saerificing liv- 
ing standards, U,S, alnmmum ret ycling 
has reduced hoth environmental pollu- 
tion and the need to constmct costly new^ 
ptiwer facilities, thus freeing scaree capi- 
tal (or use elsewhere in the economy, 

(uiiiada, Japan, the Soviet Union, the 
United States, and West Germany pro- 
duce (iO perct*nt of the world's alumi* 
num, Australia, (Uiina, France, Italy, 
Nor^^ay, Spain, and the United Kingdom 
bring the total to t>ver 75 percent, Italy 
produces half its aluntinum from scrap, 
while West Germany and the United 
States produce one-thirt) of theirs from 
n*cyc]ed aluminum, Italy's performance 
is particularly impressive because its per 
capita consumption has long averaged 
less than half that in the United States 
and (iO percent that in West Germany,^^ 

Norway is the world's sixth largest alu- 
minum producer and the founh highest 
per capita consumer, The country is 
often citeti as an example of environ- 

Pcrtcnt 
50- 



25- 



Sourtfs: Rfuturtrs for 
thf Fvivrr; Wotfdu^tch 



1955 



l%5 



1975 



198,'> 



Figure $^1, World Alumintuii Scnp Vtt* 
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mental sensitivity, yet it directly recycles 
only 4 percent of ihe aluminum it con- 
sumes and expons large quantities of 
scrap, which brings the total to 20 per- 
cent. Much of Nonvay's scrap finds its 
wa> either direcdy or indirectly to Italy, 
another sign of the importance of inter- 
national trade in recyclables, 

Ilie Soviet Union, the world's sectmd 
largest aluminum producer, altogether 
recycled and exported only 10 peaent 
as much aluminum as it consumed in 
Um or 1980, lliis low level may be at- 
tributed to the complicatc^tl and highly 
centralized control of materials produc- 
tion and allocation and to energy priee 
distortions similar to those caused by 
U,S, price controls during the seventies. 

These aluminum recovery rates can 
only provide a relative index of how well 
a nation has perfornted, llie tigUres in- 
cliule sct^ap from fabricating mills, which 
undtmhtedly overstates progress in each 
major producing country, Ncverthdess, 
the tlramatic differences, especially be- 
tween ctiuntries with high lates of pro* 
duction and consumption, can be in- 
structive. 

Just ten years ago the United States 
ranked low in recycling among the 
world',s major aluminum prodticers, 
(See Table (>-5,) Subsidized hydroelec- 
tric power and cheap coal kept electricity 
prit es Itiw, But coal price increases and 
t ost overnms at nuclear power plants in 
the alumutnm-produt:ing Tennessee 
Valley and Pacific Nonhwest greatly in- 
creased the cost of power and* thus, of 
primary alnminum,^^ 11ie,se rising en- 
ergy costs had a dramatic effect in this 
field: Recycling grew from 17 percent to 
32 percent in ten years,^^ U,S. scrap con- 
sumption jumped 17,7 percent in 1981, 
Ilie most dramatic change came in ahi- 
mintnn Cans, Only 15 percent of alumi- 
num cans were recycled in the United 
States in 1972; by 1981, over half were 
recycl'd,^*' Thv United States recycled 
as much aluminnm-can scrap in 198' as 
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Ttb]« t»*5. Aluminum R«cycling, Sel«cted Countries, 
Conncrx' 1954 1%0 I9(i5 1970 1075 1981 



(percent) 



Fian<v 


21 


19 


17 


20 


23 


27 


West Cernidnv 


45 






34 


30 


33 


Italy 


27 


29 




:j7 


41 


41 


Japan 


19 


2(> 




28 


15 


25 


I'tlilcd Kingdom 


30 


32 


% 


35 


30 


28 


United Stales 


18 


16 


17 


17 


26 


32 


World Ksillnate 


19 


16 


17 


17 


21 


28 



" I lu'^e f OLimnoji reprc^ctit 50 pmcm oi \*<>rld jiunnnuin prodlKtum Rt^cyihnf; rates represent 
«.Tondjr> reco^m, includiiit; s<rup jlinnimtm constin.cd mbO[h |>r*mjr^ jnd secondary prodtjclion. 
jtid net scrap consumption 

mnCEs Data through 1970 from Ixonard 1. Fis<hman. iMti ^"^ftufrot Trends ^nd ^ Suppiy IhMtm 
(Wjshingtoti, \yC . Resources >br the Future. 1980). t975-8l data Iroin Atummum StatatKal Htvifur 
/or l9Sl (Washmgiort. DX].: 'Hie Altimmum Association* Inc*. 1982) 



the entire continent ofAfrica produced 
in both primairy and secondairy smelters. 
ITiis also means^ of course^ that the 
United States threw away more recycla- 
ble aluminum in the form of beverage 
cans than Africa produced,^' 

Norway's poor recycling record is 
probably due to its abundance of inex- 
pensive hydroelectric power. Although 
the long-term mi'^ration of energy- 
intensive industrie'i to energy-rich coun- 
tries such as NWway may be a positive 
step toward a sustainable society^ in the 
current era of unattained recycling po- 
tential it presents a hidden pitfall,** Sub- 
sidies for energy use — whether they 
come in the form of energy price regula- 
tions, government and development 
bank financing of hydroelectric facilities, 
or environmental degradation from 
nooding, species extinction, and fuel 
combustion — unnecessarily waste re- 
sources. 

The largely untapped potential of alu- 
minum recycling suggests that many en- 
ergy projects planned around additional 
primary aluiuiinum production are un- 
necessairy. Ten years of environmental 
opposition to hydroelectric develop- 
ment in Norway has restricted expansion 
of primary ahiminum production 



there.*^ Similarly, opposition halted a 
dam designed to produce power for alu- 
minum smelting in Tasmania,^* These 
actions may increase the availability of 
affordable aluminum since they will 
force a more economical use of re- 
sources. 



Only 15 percent of aluminum cans 
were recycled in the United States 
in 1972; by 1981»over half were re- 
cycled. 



Despite high energy costs^ Japan recy- 
cles only about 25 percent of the alumi- 
num it consumes. But per capita alumi- 
num consumption was low in Japan until 
the last decude, when rates climbed 
sharply. Much of Japan's "consump- 
tion/' in fact* is *>hipped out of the couii' 
try inmanufaaured products such as au- 
tomobiles. The Japanese mainly use 
steel cans and glass bottles for bever- 
ages^andso less aluminum scrap is avail- 
able than in the United States, Yet 
Japan's primairy aluminum industry has 
seriously lost its ability to compete. 
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(Italy's industry is itt a sittiildi positioti. It 
has tottered on the brink oC collapse for 
several years, and its secondary industry 
may be the otily healthy segment ih^ 
remaiits***) Jiipan generates denricity 
with oil, so power there now costs more 
than in most cottntries, Japanc^se pri- 
mary aluntitnnn prodttction, as j result, 
has dropped by about 25 percent o\er 
the last teti years, and the industry's 
losses in 1982 totaled over $500 million, 
l-ess than 20 percent of the industry's 
pritnary alumittttni production capanty, 
in fact, is deemed eompetitive,** 

In 1981, the Japanese actually pro- 
dncctl ntore aluttiinun; from secondary 
tnc'tal than from pritiiairy sources. One- 
(|Uarter of the scrap processed was im- 
ported front the United States: bringing 
back parts ot"l\/y(>tas and Datsuns- as it 
were. In the meantime, Japan has im* 
posed tariffs on imported aluntinutn 
ingot and has purstted investmein in pri- 
mary aluminum production in seven 
coutttries. Japan's share in these invest- 
ments assttres Japanese companies as 
much pritnary aluminum as the country 
used in 1982 (872,000 tons),« 

As with waste paper, international 
trade* brings a new' and dynamic force to 
the recoveiry of scrap al'iniinum. Scrap 
moving across national boundaries in 
1980 totaled 820.000 tons, representing 
more than 5 percent of worid alummum 
produrtiun. At 3()^ per pound, the value 
of ittter nationally traded aluminum 
scrap amounted to almost $600 miUion 
in 1980.** 

Three leading cofisumers of recycled 
alumittum — Italy, Japan, and West Cer- 
tnany— each import large quantities of 
aluminum scrap. Japan imported as 
much in 1 98 1 as it used ten years earlier 
With primary production declining as a 
result of oil price increases, secondary 
production in Japan increased 138 per- 
cent over the last decade, with as much 
as VO percent of the increase made possi* 
ble by scrap imports. Twenty percent of 



the total aluminum production of both 
West Germany and Italy in 1980 can be 
attributed to scrap imports,'*^ 



In 1981, the Japanese produced 
more aluminum from secondary 
metal than from primary sources. 



Yet European scrap smelters pose a 
thrc'at to the free trade of aluminum. 
Seeking lower scrap prices, their owners 
argue for increased trade barriers to re- 
strict scrap expons from their countries, 
A trade publication of the secondairy 
smelter industry repons that "EEC 
{European Economic Community] sec* 
ondary smelters are , , , endeavoring to 
ensure that the export of high value and 
titergy-rich raw material is restricted by 
the re-introduction of export quotas/* 
ITiese quotas wen? removed by EEC 
countries in 1981 and replaced with a 
less restrictive export licensing system, 
after which exports of aluminum dou- 
bled,*^ The importance of trade to the 
growth of recycling is clear. The *'mar* 
kets first, collections second" strategy 
will be defeated by efTons to suppress 
aluminum scrap prices* Similar efTons to 
suppress iron and steel scrap prices have 
historically plagued recycling. 

The importance of recycling alumi* 
nut;i cans is also clear*. Fully one-quarter 
of all U,S. aluminum production goes 
into packaging, half of which is beverage 
containers. Mexicans used about 6,5 
pounds of aluminum per capita for all 
uses, while Atnencans used 6.7 pounds 
per capita for beverage containers 
alone. '^^ Although packaging can be an 
important mc'ans of protecrittg food and 
other products* unless it is recycled such 
consumption would not seem to be sus- 
tainable. 

The private sector has made com* 
mendabte progress in collecting atumi- 
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ntiin tans (or rrtyc lin^* One of iUc most 
exciting innovations in recyclitig is the 
"reverse vending machine,*' a machine 
that accepts altimimim cans (rejecting 
ferrous cans, glass, or otlier unwanted 
objects), weighs the' (dtimintim depos^ 
ited. and dispenses money or coupons in 
]>aymenL One machine in North Dakota 
reclaimed 109 tons of cans in one year 
and 20 reverse vending machines in 
Denver* (Ipolorado, paid oui over $ i mil* 
Hon in an 18*nionth period. Sweden 
plans to huild and install an estimated 
10*000 revme vending machines as part 
of an effort to recover 75 percent of the 
aluminum cans used in the country-, I1iis 
would save 10,000 tons of aluminum an* 
nually (500 million cans), as much as 
Sweden imports each year.^* 

In the United States* the Colorado* 
based Coors Brt^wery makes a special 
effort to recycle cans: It has a contract 
with its aluminum suppliet' that provides 
a discount in return for recovered a lu mi* 
num* Coors opened eight recyclinr, i en* 
ters in Atlanta. Georgia, even before it 
sold products there. The company each 
year collects over 50*000 tons of alumi* 
num cans in more than 20 states,^^ 

Though it is encouraging that Ameri* 
cans now recycle 54 percent of the cans 
they use, ccuntries and individusf spates 
with container deposit legislation have 
made miita more dramatic gains, 
De]>osits art* now required on all hever* 
age containers sold in Sweden* Den- 
mark* Nonvay, the Netherlands, andsev* 
eral provinces in Canada, Nine states in 
the Unin-d States now require such 
deposits* and tlie recent addition of New- 
York* the conntry*s second most popu* 
lous state, to this list represents major 
progress for recycling, {See Table 6*6J 
Return rates of both bottles and cans 
exceed 00 percent in most states where 
the programs hnve been in eftect long 
enough to be measured, almost twice the 
U*S* national rate* 

In almost all states with container de* 

12'1 



Tattle 6-4. United States: States with 
^ttvCf^^p Container I>eposit Laws 



RefiUable 

State Botdes Cans 





(percent 


leturned) 




95 


92 


^trmom :1973) 


93 


90 


Maine n<>78) 


93 


93 


Michi^^aa {\9*79) 


96 


96 


Iowa <1979) 


96 


90 


(^onneciicut (1980) 






Massachusetts (1983) 






Delaware (1983) 






New Yoric <1983) 







SOIiRceS: William K, Shircman. Can and BottU Btib 
(Scanfordp Calif.: Cahromia Public [merest Re* 
seart:h Group and Scanford Environmcncal La^' 
Society* t9Bt): U,S. General Accounting Office* 
'*5cates Experience With Bewrage Concainer De- 
posit t^ws Shows Posiuve Benefits*'* Washington, 
IXC. bccctuber It* 1960. 

posit laws, total litter has be^rn reduced 
by 35 to 40 percent by volume, and bev* 
erage container liner by 75 to 86 per* 
cent* No state with a bottle bill has lost 
jobs on a net basis. Though container 
recycling may reduce jobs in materials 
production and container manufactur* 
ing, it creates jobs in container collec* 
tion, transportation, and reprocessing. 
In Oregon* the U.S* pioneer in this pol- 
icy, a net total of 200 jobs were created* 
In Michigan, the first state to test con- 
tatner legislation in a densely populated 
urban setting, 4*600 jobs were created* 
A nationwide beverage container law in 
the United States would, according to 
the U*S* General Accounting Office, ere* 
ate a net total of 100,000 jobs* As an 
additional benefit, litter cleanup costs 
could be reduced: in Maine, they were 
halved* For alt ihese reasons, almost 
three-quarters of the U*S. population 
favor container deposit legislation*^^ 

Promoting the use of aluminum con- 
tainers in preference to others might ac* 
tually conserve resources* The steel can, 
when it is tin plated» is so difficult to 
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recycle that even tUc rccydint; ittdustry 
calls it "a can of worms/'** "Tin" cans, 
whith are mostly sicel with a thin coating 
of tin 10 prevent corrosion, are not easily 
recyclable because the tin fuses with the 
steel Most recycled tin cam. in fatt. are 
used as a catalyst in copper prodtiction. 
The melal in them is adiially consumed 
in the process and tatmot he recovered. 
The aluminum can, which is readily re- 
cyclable, could henefitially replace steel- 
alloy or bimetal (ans. and even glass. 
Both glass produ( tion and recy( ling bro- 
ken glass are energy-intensive processes, 
and unless a returnable bottle is re-used 
at least ten times before being discarded 
or crttshed. it oilersi no energy savings 
o\er recycled aUtminum cans Replacing 
the steel and glass now used for food 
containers with altuninum wottld thus 
save eneigy and materialsi^^ 



Twenty reverse vending machines 
in Ikenver, Colorado, paid out over 
$1 million in an IS^month period* 



(>ontiuued growth in recycling willde* 
liend on both market development and 
scrap collection. International markets, 
especially in developing countries, could 
pro\ide the impetus for increasing rol- 
lection in touniries with high consump- 
tion rates. Investments in secondary 
recovery can be encouraged bv interna* 
tional lending agencies, by nations that 
want to improve their balance of trade* 
by entrepreneurs, and by environmen* 
talists. International banks could exploh 
this opportunhy to promote environ- 
mentally acceptable and economically 
sustainable growth with a technology 
that produces aluminum for half the rap- 
iial of primary facihties with only 5 per- 
cent as much energy. The World Bank* 
unfortunately, has apparently all but ig» 
nored 'lis potential in the late-1983 



draft of its forthcoming "World Alumi- 
num Industry Study,'' preferring instead 
to ask traditional qttestions about how 
much new electric capacity investment 
will be required to run primary facih- 
ties,** 

National governments, moreover, still 
seem interested mainly in primary alu- 
minum production. The response of the 
Mtnistry^ of International Trade and In- 
dustry in Japan to the high cost of pri- 
mary production there has been to move 
the industry^ to developing countries 
with cheap hydroelectric power 

Secondary aluminum provides an ah 
temative to environmentally trouble- 
some additional primary aluminum pro- 
duction. But taking advantage of the 
alternative will require investing time 
and money in campaigns to enact con- 
tainer deposit legislation, an assurance 
(if free trade in scrap, and the introduc- 
tion of energy pricing pohcies that re- 
flect the real economic cost of eneiigy. 



Iron and Steel 

The world steel industry now uses scrap 
for 45 percent of its iron requirements, 
and many countries rate high marks for 
iron and steel recycling, {See Table 6-7.) 
'ITiose wi*h some of the best records- 
Belgium and Luxembourg* Czecho- 
slovakia, Italy. Spain, the United States* 
and West Germany — use scrap for 60 to 
75 percent of the metal used in steel- 
making* if steel mill scrap is included,*^ 
But steel mill scrap basically just recircu- 
lates in the production process, meaning 
that these percentages would be only 
half as large if only purchased scraps- 
scrap froi.* fabricators and consumers — 
were counted. Post-consumer scrap re- 
covery represents only one-quarter of 
the iron and steel recycled* and if the 
United States is any indication* only 45 
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Twhk 6*7. Stf f I Consumptton and Scrap 
Recycling, Selected Countries 1980^2 

Annual Steel 
Consumption Rocovcrv^ 
Couittry Per Capita Rait* 



Bclgtum-l^y. 
United Kingdom 
United States 
Netherlands 
Japan 

PoUnd 

Tzecho Slovakia 
Spain 

Wosi Gemiany 
Italy 

Hwcdcrt 

Brazil 

India 

Soviet Union 
China 

World Estimate 



(pounds) 

71» 
715 

M^O 
723 

1.387 

1.10^ 
1.607 
514 
1.210 
1.010 

1.096 
291 

40 
1.250 

99 

400 



(percent) 

40 

35 
35 
35 
3) 

31 
30 
29 
27 
24 

24 
21 
21 
17 

9 

25 



'Represents steel scrap collected (excluding 
steel mill scrap and including net exports) as a 
percent of steel consumed; ihree^ycar average. 
soORces: U'orldivatch estimates based on U.S. Bu* 
reau of Mines. Mtwrais ymbook. i98L IW /// 
(Waslmglon. D.C.: \9$2).StattsftfaiAi>ftTarts. 1983 
(Washtngion, D.C: U.S. Govemineni Priniing 
Office. 1983). and unpublished data provided by 
the Bureau Iniemattonal de la Recuperation. Brus« 
sels. 

percent of the iron and steel that 
becomes obsolete-~ready for recycling 
following consumer use»]S actually re- 
cycled each year.** (See Figure 6-2.) 
Moreover* this rate is only half as high as 
in I955iwhenthe high rates encouraged 
by World War )) «tjTl lingered. 

One measure of the tack of progress in 
iron and steel recycling* in fact* is the 
increase in the stock of obsolete scrap. 
In 1978* the backlog of recoverable fer- 
rous scn4p in the United States alone to- 
taled over 600 million tons. Since then, 
it has grown to 680 million tons and is 
expected to grow further.** 



Cenain countries appear to have far 
worse recycling records than others in 
iron and steel. Among East European 
nations> Czechoslovakia, Poland* East 
Germany, and Hungary consume scrap 
at relatively high rates. The Soviet 
Union> however* ranks as one of the low- 
est users of scrap in the world* with a rate 
half that of Japan, the United States, or 
West Germany. Argentina, Brazil> Chinai 
and Yugoslavia consume very low levels 
of scrap. Necessity again appears to be at 
work* for countries with sufficient indig- 
enous sou.'ces of iron ore do less recy- 
cling. 

But using iron ore because i* avail- 
able may be a false economy. Scrap costs 
little more than iron ore and can be con- 
verted to steel with much tower capital 
costs. The most vibrant sector of the 
U.S. steel industryi in fact, js the "mini- 
mill,** which includes electric arc fur- 
naces. These use virtually 100 percent 
scrapi compared with 45 percent in open 
hearth furnaces and 28 percent in basic 
oxygen furnaces. Use of electric arc fur- 
naces has grown dramatically around the 
world* especially in the countries with 
the highest recycling rates. The NUCOR 
mill in South Carolina exemplifies the 
advantage of building a "minimiir* with 
an arc furnace: The mill earned a profit 

Percent 
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Smrcts: Robert R. Nothan AsuKtatex; 
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Figure VJS. Irwi tnd Steel Scrip Uie 
(uaFcrccotofScripGettefited), t9$M2 
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in 1982 dunitg one o( ilio worn yt-ars 
ever in ihe sieel indusirj ^s? 

A valuable new iron ore reduction 
technique, direct reduction of iron 
(I>RI). eliniinateA coking and reduces en- 
crgy costs. I'he pig iron produced by 
DRI is even called artificial scrap. Many 
countries, includiitg Bra/il and Nigeria, 
have adopted this technology, U'otal cap- 
ital tosis for direct reduction, however, 
run as high as for conventional steel pro^ 
duction. Despite the advantage ofscrap- 
based production. Brazil still iias one of 
the world's lowest rates of scrap utiliza- 
tion, 

Nigeria liaA recently moved to elimi- 
nate Its depettdetice oit imported steel 
by investing in DRL At a new mill, di- 
rectly redui ed iron is mixed *'/*^h scrap 
in four new electric arc furnaces, with 
scrap supplying 25 percent of the 
charge, 'Hie result has been unsatisfat- 
ior>*. however* since the total cost of 
Nigerian steel is $880 P^r ton compared 
with import prices of 5315-450. Nigeria 
might instead have collected more of the 
cars now rusting in junkyards around the 
country and processed them in electric 
arc furnaces. The cost of scrap-based 
steel would probably have been even 
lower than the most favorable finished 
steel import price and only 25 percent of 
their current production costs.** Thus, 
developing countries with or without 
iron ore resources should find electric 
arc production the technology of choice* 
followed by direct reduction of iron ore. 

Developing countries and all nations 
not well endowed with scrap may think 
that investing in electric arc furnaces is 
unduly risky. History has shown that 
scrap exports have been and coutd easily 
again be restricted. American steel-mak- 
ers have consistently sought to keep 
scrap prices low by lobhyiitg the govern- 
ment to restrict the export of scrap. Such 
policies seriously diminish the prospect 
for iron and steel recycling. They 
threaten the $ll-bitlion world ferrous 



scrap industry, in which the United 
States has the largest stake. In 1980, be- 
fore the woridwide recession devastated 
the scrap business, U.S. strap dealers 
handled more than $5-billion worth of 
scrap, about 15 percent of which was ex- 
ported. In 1980, the United States ex- 
ported more than I i million tons of 
scrap worth almost $1,3 billion, for 75 
percent of the worid's net international 
trade in iron and steel scrap.^^ 

U.S. steel-makers may have legitimate 
complaints about unfair trade practices 
in some steel-producing nations. West- 
ern Europe> for examfJe. provides ex- 
tensive subsidies to steel-makers, many 
of which are owned in large part by gov- 
ernments. ITiesc subsidies are not re- 
flected in steel prices and therefore not 
only permit unfair competition but also 
discourage more-cost-cffcciivc produc- 
tion> meaning greater use of scrap. ^^Just 
as the defense of free trade requires the 
maintenance of open borders, it also re- 
quires regulation of unfair trading prac- 
tices. 

Many metals are alloyed with iron to 
increase its strength> resistance to rust- 
ing» and ductility. Soning. separating, 
and reprocessing these alloys has be- 
come a sophisticated business. Scrap 
processors now use shredders, flotation 
devices^ melting furnaces, and other 
equipment to prepare complex mixtures 
of scrap metals for recycling. An auto- 
mobile, for example, contains not only 
iron and steel but also copper wire and 
zinc handles. Scrap processors now are 
so proficient that virtually all the zinc in 
recycled automobiles is recovered. 
These skills will have to become even 
more highly developed, however, if recy- 
cling of iron and steel is not going to 
result in their contamination by other 
metals.*' 

Market development must be the first 
priority for recycling's promoters. Pro- 
motion would best be accomplished by 
stimulating investment in electric arc 
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furnaces and romoviug tn dr^ barriors. 
The need lo conserve energy has been 
ihe greatest impetus to the use of scrap 
because of the qiianthies of energ)^ em- 
bodied in ii. Eliminating subsidies for 
ouefgy production and use should bo a 
high priority for promoiing iron and 
stee! scrap recycling markets. 



Norway imposed a $100 deposit on 
new crarst refundable with a $50 
bonus for any car properly dis- 
posed ot 



Promotion of iron and steel collection 
witl be much more difficult. Beverage 
comainer deposits help recover steel as 
well as- aluminum and glass. More im^ 
portantly, as mentioned earlier, they vir* 
mally eliminate the tise of the steel can. 
This saves resources overall. Flow con- 
trol laws requiring that recyclables flow 
to publicly owned or backed resource re- 
covery facilities can hurt steel recycling 
Just as much as they hurt paper recy^ 
cling. MonopoHzation of municipal mar- 
kets for scrap collection diminishes the 
marketability of scrap by reducing eco- 
nomic incentives for its collection. 

Norway and Sweden have been 
|)raised widely for what have been called 
model iron and steel scrap collection 
policies. In the early seventies, 400*000 
abandoned car hulks littered the Swed- 
ish countryside. A 1976 law required the 
disposal of cars with authorized scrap 
dealers^ In Norway. 50>000 autos had 
been abandoned, with 20.000 more each 
year being junked. Norway followed 
Sweden's example and introduced its 
own dispoj^al law, but applied a tax 
rather than regulatory policy. Enacted in 
May 1978. the new law imposed a $100 
deposit on new cars> refundable with a 
$50 bonus for any car properly disposed 



of. Ill the first eight months of the pro- 
gram's opcration> 33,000 car hulks were 
collected, compared with an average 
20>000 per year before the law.^^ 

Though Norway's car d^^posit and 
Sweden's disposal law have apparently 
been successful* they would have been 
unnecessary if there had not been artifi- 
cial constraints on ihe scrap market. 
Sweden has essentially prohibited ex* 
ports of iron and steel scrap since 1927> 
and Norway permits export of scrap only 
when the would*be exporter demon- 
strates that tio maiket for it exists in Nor* 
way. The resuh is a greatly reduced mar* 
ket that pejmits price fixing and 
artificially suppressed prices.^* Norway's 
iron and steel recycling rate remains 
substantially below the world average. 

On the other hand. Norway produces 
iron ore> which in other countries has 
reduced scrap use.^* The automobile de* 
posit may have helped offset this factor. 
The refund system reduced the cost of 
abandoned automobile scrap collection 
and thus encouraged recycling. A similar 
policy could be applied to spur recycling 
in iron ore-rich countries such as Brazil. 



Steps to a Recycling 
Society 

As the age of cheap energy fades and as 
inflation, joblessness* and pollution in* 
tensify, sustaining material living stan* 
dards in rich countries and satisfying 
basic material needs in poor ones 
becomes more difficult than ever. Recy* 
cling yields back much of the energy and 
capital invested in materiats. In this way> 
recycling conserves energy* fights pollu* 
tton and inflation, creates jobs* and 
helps put society on an economically and 
environmentally sustainable develop* 
ment path. 
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'ITicscvciiiics |if<>\c(l tvi y(ling*s prat- 
ttcalitv and wonli. Japan and the Nether- 
lands (ollm halhheir waste paper. Suc- 
cessful programs itt some Japanese cUies 
have redua'd the atnouttt of land re- 
qttired far w;iste ditntps hy 40 penent, 
thus savittg disposal costs and improvtn); 
the environmem. Beverage cot^taincr 
deposit legislation in nine American 
states has pulled recycling rates for bot- 
tles and (^tts over iK) |>ercent. In addi- 
tion, Maine has tut its litter collection 
costs itt half, atul Mi(higan*s ecottotny 
has gained a net total of 4,600 jobs. 

The development of a dynamic inter- 
ttatiottal trade in scrap paper, alumiitum, 
and iton ;ittd steel has shown that huge 
markets can )>e created lor collected 
waste. South Korea's ability to produce 
40 peneni of its paper from imported 
w;iste paper holds out the hope that 
papt-r use can be expanded in itureus- 
itigly literate Third World societies with- 
out iticrt*asing prt*ssure on forests, Atid 
because mills for recycling paper (ost 
half as much to build as those ttsing \ir- 
gin pnip, ret\ clhig mn reduce the debts 
of developing (ontttries, I^rge im|)orts 
of alutninutn scrap by Italy and Japan 
have ettabled them to sustain industries 
sulleriitg from the high cost of oil-ftred 
eleetritiU. Spain and Italy have shown 
that they can compete .sucecsstully in 
steel tnarkets by using jitinhased iron 
and steel scrap lot half their produetion 
requirement^;. And the United States* 
with nearly $1,3 billion annual earnings 
from exported strap iron and steel, has 
illustrated the tangible value of collect- 
ing waste, 

Couinnes that lt^i\ e mo\ed toward re- 
cycling paper, ahtinhtunt, and iron and 
steel have thus enhanced iheir competi- 
tive position in inteniaiional markets. 
Keeycling will become an even more im- 
portant factor in international competi- 
tiveness as energy and capUal costs in- 
crease the expense of producing goods. 

Despite these gains, the world has 



fallen far short of achieving recycling's 
potential, Ilie glohai recovery rates of 
paper, aluminum, and iron and steel 
could be doubled or tripled for each ma- 
terial But three difficult steps must be 
taken to collect recyclable materials and 
to develop additional markets for them. 
As a first step, consumers should pay 
the fill} costs of the materials they use, 
Ilie worid*s forests have been cut faster 
than they have be^n replaced, a practice 
that makes wood cheaper now at the ex- 
pense of future generations. Setting 
aside additional forest reserves would 
make \irgin pulpwood more expensive 
compared with waste paper and would 
both assure the protection of some for- 
ests and encourage paper companies to 
buy waste. As owner ofhalf the softwood 
timber in the United States, theU,S, For- 
est Service sitoiild consider reducing 
sales of trees for harvesting as long as 
waste paper is underutilized. 



The global recovery rates of papert 
dluntinuntf and iron and steel could 
be doubled or tripled for each nta<^ 
teriat 



'llie first step also requires a special 
ellbtt to reduce energy price subsidies. 
No single factor has increased recycling 
inorein the last 30 years than the energy 
price increases o* the seventies. Recy- 
cling saves energy, and industries adopt 
it to ctit energy costs; but when the price 
of energy is distorted by subsidies, in- 
dustries are less motivated to recycle, 
'Hius when societies subsidize energy 
use by providing grants or loans for 
dams and power plants or by applying 
measures that hold the price of energy 
below replacement costs, they encour* 
age environmental degradaiioti. To sub- 
sidize energy consumption is to subsi- 
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dizc ihc "ihrowjwjy sociciv," 

The second siep loward a recycling 
society involves building world markets 
for scr;ip paper, aluminum, and iron and 
sleel Wealthy coumries restrain the ex- 
port of scrap iron and steel and seriomly 
inhibit the use of imported scrap in de- 
veloping countries, i he Kuropeari Eco- 
nomic Community, for example, re- 
stricts scrap trade between its members 
and nonmembcrs. Austria, Denmark, 
and Sweden prohibit essentially all scrap 
exports, and the United States continu- 
ally considers hmiting scrap exports. 
Few countries needing new steel pro- 
duction capacity will risk reliance on im- 
ported scrap unless scrap-exporting 
countries remove the threat of scrap 
"embargoes," 

The final step, one that will also re- 
duce environmental subsidies, promote 
international scrap trade, .md soften the 
impact of higher energy pt ices, demands 
the greater collection of wastes. Con* 
tainer deposit legislation can dramati- 
cally increase the return of beverage 
containers. Incentives, int rmation, or 
the threat of fines and noi ollection of 
garbage can induce higher returns of re* 
cydable material. A wide variety of poli* 
cies, in fact, will stimulate recycling and 



can be applied at national or local levels. 

lliese steps will not be taken simply 
because they are logical or urgently 
needed, but because concerned citizem 
insist that they be taken. Conservation- 
ists, unfortunately, have shown too little 
interes, in assuring market pricing for 
energy and free trade of scrap materials, 
though they have much at stake in these 
policies. National and local government 
leaders have shown little wUlingness to 
take the difficuh step of requiring collec- 
tion of recyclable materials* but the ris- 
ing costs of litter cleanup and landfilling 
waste are bound to press them to do so. 
Industry leaders in individual countries 
will increasingly be forced by higher en- 
ergy and raw materials prices to consider 
recycling or face a future in which they 
cannot compete in world markets. 

The future of all society will be anun* 
easy one if a major portion of the world 
is forced to live with a low or dechning 
materials standard. Materials recycling 
has become necessary if society is simply 
to maintain current living standards. But 
within this necessity lies the opportunity 
to improve the material well-being of all 
the world*s people, and <o do so without 
great cost to the environment. In this 
resides the great virtue of recycling. 
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Reassessing 
the Economics of 
Nuclear Fbsver 

Christopher Flavin 



The eighties were supposed to be a dec- 
ade of booming construction and copi- 
ous electricity generation for the nuclear 
power industry around the world. The 
Organisation for Economic Co-opera- 
tion and Development (0£CD) pro- 
jected in 1970 thai its member nations in 
Western Europe. North America* and 
Japan would have 563«000 megawatts of 
nuclear generating capacity by 1985 — 
approximately half the total generating 
capacity these countries now have,' 
Over 100 nuclear power plants a year 
were expected to be built during the 
eighties* many of them in the Third 
World, 

Today, Just a decade after some of the 
rosiest of these forecasts were made, the 

Many of the in thi» chapter are discussed in 
greater detail in Christopher Flavin* SucUar fowrr: 
Th Market Tat (Washington* D.C-i Woridwatch In- 
su'tuie, December 



world is using less than half as much nu- 
clear power as anticipated. Projections 
of future use have shnmk even more. 
Estimates for 1990 now show a nuclear 
sector only a third as large as once ex- 
pected.* 

The largest curtailments have oc- 
curred in the United States, where can- 
cellations of plants have outrun new or- 
ders for nine years* but with only a few 
exceptions countries around the globe 
have cut back on their plans. The nuclear 
pipeline is now likely to run dry in most 
countries by the end of the decade. The 
Finandal Times Emrgy Ecanmisu a news- 
letter of the international energy estab- 
lishment* reported in early 1983 that 
"the day when nuclear power will be the 
world's leading electricity source now 
seems to have been postponed indefi- 
nitely/'* 

Nuclear power is plagued by many se- 
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rious issues that remain unresolved, in- 
cluding safety, waste disposal, and nu- 
clear weapons proliferation. Something 
much simpler, however, is giving tlte in^ 
dustry most of its current problems. In 
most countries nuclear power is no 
longer economically attractive. Years of 
cost overruns have destroyed the eco- 
nomic underpinnings of many pro- 
grams, and much slower growth in elec 
tricity use has called into question the 
need for many nuclear plants now being 
built. All indications are that nuclear 
power's economic competitiveness con- 
tinues to deteriorate and could lead to 
further cutbacks. Indeed, the develop- 
ment of nuclear power may come to a 
complete standstill by the late eighties. 



The Selling of Nuclear 
Power 

Commercial nuclear power has a short 
history. Although the atom was first 
fissioned in Germany in 1938, a decide 
and a half later weapons of mass destruc- 
tion, nuclear submarines, and some im- 
portant medical uses of radiation were 
the only real '*rruits" of the nuclear age. 
Yet enthusiasm ran high. To many peo- 
ple nuclear pou'er seemed the key to the 
world's future. It would supply infinite 
amounts of energy indefinitely and 
would remove many of the constraints 
under which humanity had struggled for 
millennia. 

In the early fifties, both the United 
States and the Soviet Union greatly ac- 
celerated their R&D programs to com- 
mercialize nuclear power. Many differ- 
ent reactor desigas were tested atkd 
enormous technological strides were 
made. One result was the world's first 
electricity producing reactors: a small 
breeder plant built by the United States 



in 195! and a five>megawatt light'water 
plant built by the Soviet Union in 1954,'* 

The efforts of other countries to de- 
velop nuclear power in the fifties were 
hampered by the superpowers' early mo- 
nopoly of nuclear technologies and fuel 
supplies. Among the governments that 
nevertheless launched substantial nu' 
clear power programs were those of 
Canada. France, the United Kingdom, 
and West Germany, each pursuing its 
own approach to nuclear technology. 
Progress was slow due to the unexpea^ 
edly challenging engineering required 
and to the difficulty that all countries had 
going from tiny prototypes to commer- 
cial plants. 

Private companies showed little inter- 
est in spearheading the commercializa- 
tion of nuclear power, and so it was left 
to the U,S, Government to go where the 
Fortune 500 feared to tread. During the 
fifties, the United States spent hundreds 
of millions of dollars on a Power Reactor 
Demonstration Program in which large 
corporations built a half-dozen proto- 
tvpe plants. Then a major effort was 
mounted by the U,S, Atomic Energy 
Commission and nuclear equipment 
manufacturers to convince utilities that 
nuclear costs could be substantially low- 
ered. 

Still, utihty companies demanded 'a 
guarantee that nuclear plants would be 
cheaper than the ahematives. In Decem- 
ber 1963 General Electric and thejersey 
Central Power & Light Company signed 
a contract for a '"turnkey" nuclear plant 
that General Electric would build at a set 
price, competitive with the cost of a coal- 
fired plant , For the utility there was little 
financial risk, since it would simply pay 
the agreed bill and then "turn the key" 
to commence generation when construc- 
tion was complete. This milestone 
agreement was followed by eight similar 
contracts, effectively launching commer- 
cial nuclear power in the United States,* 

The next stage came quickly. In 1966 
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and 1967. ihc iiiiliiics ordered 51 addt- 
ttonal nuclear plants, signing open- 
ended, cost-plus contracts that shifted 
fhc burden of potential cost overruns to 
the utilities and their customers. By the 
end of 1967 the United States had 28 
times as much nuclearpower capacity on 
order as it had in operation. Four U»S. 
nuclear reactor vendors competed ag- 
gressively for new^ orders, and utilities 
struggled to stay at the forefront of tech- 
nology. Nuclear power was seen as the 
inevitable way to meet future electricity 
demand, which was growing at faster 
(han 7 percent a year^ 

ITiis ''bandwagon*' psychology left lit- 
tle I'ocim for dispassionate analysis of the 
economics of nuclear power. Utilities 
had little understanding of these plants 
and the much more demanding engi- 
neering that would be required. Kach 
new buyer was cited by tite reactor 
manufactures as proof of the economic 
soundness of their claims. The nish to 
nuclear power had become a self-sus- 
taining process— self-sustaining, per- 
haps, but not sustainable indefmitely.^ 

Beginning in the mid-sixties, U.S. 
companies assisted by the government's 
"Atoms for Peace*' program aggres- 
sively marketed nuclear technologies in 
Europe* Japan, and some developing na- 
tions. More than a dozen countries pur- 
chased U.S. pbnts or signed licensing 
agreements to obtain American nuclear 
technology. roda\ France, Japan, and 
West Germany, which along with the 
United States pla> a prominent role in 
the nuclear power industry^ all build 
plants ba%ed on American designs. Wtih 
the rapid growth of electricity demand 
and the relative scarcity of indigenous 
energy resources in Europe, there was 
little challenge to the notion that the 
commercialization of nuclear power de- 
served a high priority. 

This period was also marked by a 
great expansion of programs in the 
Third World. Nucle;ir power was wel- 



comed as an alternative to imported oil 
and as a way for developing countries to 
propel themselves into the twentieth 
<:entun\ Exports of (he technology were 
vigorously promoted by the Interna- 
tional Atomic Energy Agency of the 
United Stations and by government insti- 
tutions such as the U.S. Export-Import 
Bank. Sixteen developing countries had 
nuclear power programs by the mid-sev- 
enties, some of them nations that still 
relttd on fuelwood as their major do- 
mestic energy source.* 



The development of nuclear powe* 
may come to a complete standstill 
by the late eighties- 



By 1973, worldwide nuclear power ca- 
[>acity bad risen to 43,000 megawatts, 
provided by 115 plants. The United 
States had half the total capacity and 
Britain one-eighth. France and the So- 
viet Union each had the equivalent of 
three LOOO-megawatt nuclear plants 
and Canada, Japan* and West Germany 
only two each. But nuclear construction 
programs were in full swing in a half- 
dozen countrieSr and a dozen more had 
plans to begin soon. In the peak growth 
years of 1971-74, over 200 plants were 
ordered woHdwide, approximately dou- 
bling the number of planned reactors. 
Total capacity was expected to exceed 
250*000 megawatts by the early eight- 
ies.^ 

ITie 1973-74 oil crisis was widely se- n 
as the fmal guarantee that nuclear power 
waild be the woHd s next preeminent 
energy source. Western political leaders 
in particular saw nucle;ir power as the 
necessary high-tech solution to the 
stranglehold the Organization of Petro- 
leum Kxportin^ Countries had on the oil 
market/rhe Nixon administration's Pro- 
ject Independence aimed for nuclear 



ERLC 



133 



(n8) 



State of the World— 1984 



power lo supply half ofU-S. eleciriciiy by 
ihe year 2000. French Prime Minisier 
Jacques Chirac undoubtedly spoke Tor 
many political leaders in iheafiermaih of 
the oil embargo when in early 1975 he 
said, "For the immediate future, I mean 
for (he coming ten years^ nuclear energy 
is one ofihe main answers to our energy 
needs."'** 

Today nurlear power supplies much 
less energy than was expected in the 
mid*seventies. But it has grown substan- 
tially nonetheless. As oflate 1983, a total 



or282 commercial plants in 25 countries 
provided over 173,000 megawatts of 
generating capactty^-enough to supply 
approximately 9 percent of the world's 
electricity, or 3 percent of total energy. 
(See Table 7-1.) In industrial countries 
the share of electricity supplied by nu- 
clear power varies widely, from approxi- 
mately 40 percent in France to 17 per- 
cent in Japan, 13 percent in the United 
States, 6 peKent in the Soviet Union* 
and zero in such nations as Australia and 
Denmark that have decided to forego 



Table 7*1, Worldwide Nuckmr Power Connnitmentr by End of 19SS* 



Country' 



Plants 
Operating 



Plants Ordered 
and Under 
Construction 



Total 
Commitment 





/nllfnhf*irl 


\ meg^wa i is/ 


(number) 


\ megfl Wdi 1 5/ 


\nuiiiuc] / 


\ mcgawfli 15/ 


ITnitpH Stales 


77 


60*026 


64 


70,376 


141 


130,402 


Prance 


31 


21.778 


31 


34,520 


62 


56,298 


West Germany 


12 


9.806 


17 


19.5)6 


29 


29,322 


Soviet Union 


34 


18.915 


M 


9.880 


45 


28.795 


Japan 


25 


16,652 


15 


12,649 


40 


29,301 


Spain 


6 


3,820 


7 


6,801 


13 


10.621 


Canada 


12 


6.622 


12 


8.710 


24 


15.332 


United 


34 


9.273 


8 


5,115 


42 


14,388 


Kingdom 














Sweden 


10 


7,300 


2 


2.110 


12 


9.410 


South Korea 


1 


556 


8 


6.710 


9 


7.266 


Switzerland 


4 


1.940 


3 


3,007 


7 


4.947 


Czechoslovakia 


2 


880 


8 


3.520 


10 


4.400 


Italy 


3 


1,285 


3 


2.004 


6 


3.289 


India 


4 


804 


6 


1.320 


10 


2,124 


Belgium 


5 


3.450 


2 


2.000 


7 


5.450 


Taiwan 


4 


3.110 


2 


1.814 


6 


4.924 


F^st Germany 


5 


1,830 


2 


880 


7 


2,710 


Braiii] 






3 


3.116 


3 


3,116 


Argentina 


I 


335 


2 


1.292 


3 


1.627 


Rest of 














World 


12 


5.205 


21 


14.044 


33 


19,249 


World 














Total 


282 


173.587 


227 


209,384 


509 


382,971 



* Preliminary escimate 

source: *'The World Lut of Nuclear Power Plants," SucUar f^twi, August l9B3i Atomic Industrial 
Forum, "Hiscorical Profile of U,S, Nuclear Power Devdopmeni/' Wasbingcon« D,C.» March 1983, 
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this power source altogether In (tie nvxi 
three yearsi about 100 nuclear plants are 
scheduled to commence operation, 
which would boost global nttclear capac- 
ity by (iO perceiu. Beyond ihe mid-eij^h- 
ties* however, the puUire is iintih less 
clear. 



Counting Costs 

Thirty years have passed since U.S, nu- 
clear oflicials were quoted as saying that 
niLcteitr ]>ow'ei would be **too cheap to 
uietet/* It was an unlortunate claim that 
the industr> now wishes had never been 
made. Iliese words will haum them 
nonetheless, for ihey mark the begin- 
ning of a sad hisior>^ oF bold assertions 
and unsupported analysis that led to 
enomtotts uncertainty about the actital 
cost or economic merits of nuclear 
power Even today it is dtflicuh to fmd in 
any country a full and fair accounting of 
the eionomic status of nuclear power 

(^ost estin:ates for nuclear plants in 
the United States have been rising ever 
since the first cumniercial plants were 
started in the early sixties. Most of the 
early evidence of economic troubles was 
ignored by experts who assumed that 
losts w'oitid begin to decline as the tech- 
nology improved. Utility execinives sig- 
naled their confidence by orderitig 12t) 
nuclear power plants between 1071 and 
the end of 1974 — enough to increase 
l\S. generating capacity at that time by 
nearly halC 

But construction costs continued to 
ri.se throitghout the seventies, and in 
1981 economist Charles Komanofl pub- 
lisl ted the first detailed assessment of the 
increases. Using the utilities' own data^ 
but carefully separating out the effects of 
inflation and the cost of borrowed 
money, Komanoff concluded that real 
(inRation-adjusted) construction costs 



(119) 

for nuclear power plants had risen 142 
percent between 1971 and 1978, or 13,5 
percent annually. Based on these 
figures. Komanoff concluded that total 
generating costs for a nuclear plant 
wottld soon exceed those for a coal plant 
by a wide margin,'* 

The nuclear industry vigorously dis- 
puted these estimates, largely on the 
grounds that statistical analysis of the re- 
cent past was not a reliable predictor of 
future trends. Since the mid-seventies, 
however, cost estimates for individual 
nuclear plants have doubled every four 
years, rising faster than prices for gaso- 
line, housing, or any other major ex- 
penditure. Reactors completed in the 
early eighties will cost on average almost 
$2,000 (1982 dollars) per kilowatt to 
build, over twice as much as coal plants^ 
And because of the high costs and long 
construction times, the financing 
chatiges fora nucle:ir plant are now three 
times those for a coal plant and add ap- 
proximately $500 million to the average 
construction b\\\M 



Since the mid-seventies cost esti- 
mates for individual nuclear plants 
have doubled every four years. 



Some projects make these average 
figures look like batigains. The Limerick 
I plant in Pennsylvania is now budgeted 
at $3.4 biUion and the Nine Mile Point 2 
plant in New York at between $4,6 bil- 
lion and $5.6 billion. Several recently 
canceled plants would have cost as much 
as $8 billion each had they been comp- 
leted. Even the few economic ^'success 
stories'* pointed to by the nuclear indus* 
tryp such as the Palo Verde plants in Ari- 
zona, have suffered huge cost overruns 
that would be considered crippling in 
any other industry. Nuclear economics is 
not for the fainthearted. The annual cost 
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ovemms alone ccjikiI ihc govcruiticnt 
budgets of many naiionsJ^ 

Operating costs for nuclear power 
platitSt once expected lo he negligibie, 
Iiave turned out to be anoilier budget- 
buster A 1982 study by economists with 
tile Energy Systems Researcli Croup 
found that operation and maintenance 
costs rose during the seventies at an av- 
erage annual rate of 18 percent. By the 
early eighties, the average nuclear plant 
cost more than $S0 million a year to op- 
eratet enough to add approximately 20 
percent to *he generating cost.'* 

The economics of U-S* nuclear power 
have also been hurt by plants operating 
on average at less than 60 percent of 
their rated capacity rather than the 
75-80 percent of capacity originally ex- 
pected, A range of technical problems 
that have required plants to be run at 
partial capacity and to shut down fre- 
quently for repairs are to blame. Since 
two-thirds of the com of nuclear electric- 
ity comes from construction costs that 
must be paid regardless of whether the 
plant is operating, low capacity factors 
greatly increase the cost of power 

U-S. industry and government studies 
have been slow to recognize the declin- 
ing economic competitiveness of nuclear 
power. Cost estimates for individual 
plants continue to miss the mark by a 
wide margin and are commonly adjusted 
upward by several liiindred million dol- 
lars each year Industry-wide studies 
often make selective use of data or 
blithely assume that costs will be re- 
duced and capacity factors improved. 
Many studies, failing to distinguish be- 
tween real-cost (rendjs and the efTocts of 
Inflation^ simply assume that all in- 
creases are caused by inflation and high 
interest rates. 

Yet even government and industry 
ofHcials are now much less bullish on the 
economics of nucle;ir power than they 
once were* In boardrooms and at regula- 
tory hearingSi cost overruns are fre- 



quently cited as a major problem. Care- 
ful analysis of the utilities' own data for 
the 30-odd U.S. plants scheduled for 
completion in the mtd-eighties shows 
that the electricity they produce will cost 
on average from 10-12^ per kilowatt- 
liour(l982donars),i7 

This cost is iio percent more than coal- 
fired power and 25 percent more than 
oil-fired power, the high cost of which 
has often been cited as a major reason 
for building nuclear plants, (See Figure 
7-L) If all the electricity used by Ameri- 
cans were to cost as much as that gener- 
ated by these new plants, the country's 
utility bills would rise approximately 1 30 
percent,** 

Enough infomiation is now available 
to show conclusively thai new nuclear 
power plants are no longer cost-efTeciive 
in the United States, Even if all the 
unique safety and health risks of nuclear 
power were removed and cost escalation 
were halted, a U.S, utility planner choos<^ 
tng between a coal and a nuclear power 
plant based solely on economic consid- 
erations would have to select coaL In ad- 
diiiont nuclear power carries financial 
risks that frighten many utility execu- 
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lives. S. David trmiiiiii. a Dircdor \>( 
ihe Teniicssee Valley Authority, wliicli 
once had ihe largest nuclear construc- 
tion program Jii the Uniied States, con- 
cluded ill 1982: '* Vhc cost of nuclear 
]>owc'r isn*i Just hi^rli, it's tinpicdictablc. 
N'o s;tiic ( a]>it;iljM Ls gojitf; to htiild soiiu'- 
tiling' ^'or wltiih he (aii*i derive a cost/ 
bettcfii ratio betaiiscthc cost is iinkitow- 
able/*'* 

Otitsidc the United ^States, the eco- 
iioniit staius of iiticlcar power is more 
c'jfiinilt to i^diulaie. In ttiost roiiiiinos 
the daia base is ([tiiie slim dtte to the 
small number of plants in operation, so 
statistical studies yield limited results, 
t tirthn i otii]>li4 iiting the situation is ihe 
Uii that most nations do not release the 
cost ft^nres forindividtial nuclear plants 
that are essential for solid eionomic con- 
cliLsioiis. As in the Untied States, cotnpa- 
iiies and ^o^erllntent agencies strongly 
cotiiiiiitted to midear power selectively 
r *Mse data. The picture is somewhat 
u.orky but appears to show high and 
growing costs worldwide. 

Kairly good data are available for the 
Uniied Kingdom, where the government 
IS tn the midst of a major decision on the 
future of its nuclear program. The na- 
tionwide government-owned utility, the 
Central Electricity Generating Board 
(CKGB). has proposed that the country 
begin building a new g<*neration of hght- 
water unclear ]>lants based on the 
American Westinghoiise design. Con- 
siderable* controversy siirrotinds the eco- 
nomic soundness of the proposal. The 
CKGB now admits that the country's 
most recent gas-cooled nucle'ar planij 
cost twiee as much to biiild as (oal^fired 
plants, but it still argues that light-water 
pUtiits can be produced at an attractive 
prico.^* 

Tho CKGB's analytical teclmicjues 
have come under attack in the course of 
lengthy hearings over the program. One 
of ihe most telling critiques comes from 
Gordon MacRerron of the Univeisity of 



Sussex, who concluded in a 1982 report 
that CKGB estimates for pbnts already 
butli in the United Kingdom were biased 
in fa\x)i nuclear power by failing to 
calculate " full value of past capital in- 
vestments. The CECB, MacKerron 
found, liaH not distinguished clearly be- 
twe*en current and consiant dollar costs 
or even between historical figures and 
projections.*' 

J.W. Jeffrey, a r<*tired University of 
London professor, conducted a thor- 
ough economic assessment of British 
nuclear plants and concluded that nu- 
clear power is considerably more expen- 
sive than coal-fired power. Although his 
figures were at first vigorously disputed, 
the CElCB W3S forced in 1983 to recant 
many of its earlier claims about the eco- 
nomic supciiority of British nuclear 
plains.The case for light-water plants is 
still being made, but the tide seems to 
have turned against the proposal. Many 
observers agree with Jeffrey: '*Nuclea; 
power has not been economic, is not eco- 
nomic and is likely to get more uneco- 
tK>m]c in the future/*** 

West Germany has a larger and more 
successful nuclear power program than 
the United Kingdom does, but it has 
suffered from major cost overruns 
nonetheless. Official figures compiled by 
the country*s largest utihty siiow direct 
nuclear construction costs rising sixfold 
between 1969 and 1982 while coal plant 
Construction costs went up 3.5 times. Yet 
West German nuclear officials still main- 
tain that nuclear power has a 30 to 50 
percent economic advantage over coal 
power. This claim is now being used as 
justification for a government proposal 
to order as many as five additional plants 
in the mid-eighties~in a country that 
has only ordered one plant since 1975.** 

The price of ro^) is quite high in West 
Germany, so there is some basts for the 
claim that nuclear power still has a gen- 
erating cost advantage over coal-fircd 
power, but it is unlikely that nuclear 
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power can overcome a capita! co^sl mar- 
gin as large as the one that officials now 
admit to; Critics charge that German nu- 
clear planners have consistently under- 
estimated expenses and have used ac- 
counting methods that do not measure 
Ihc full costs, A study by JUrgen Kranke 
and Dieter Viclhues of the Freiburg In- 
stitute concluded in 1983 that due to the 
rapid escalation of construction ex- 
penses and interest rates, nuclear elec- 
tricity now costs at least 60 percent more 
than coal-fired power*.** 

France is a key country in making in- 
ternational comparisons of nuclear eco- 
nomics, since the French nuclear con- 
struction program has an international 
reputation for efficiency and speed. 
Whereas U,S, nuclear plants take on av- 
erage eight to ten years to build, French 
plants go up in less than six. Official 
French 5gures published in 1982 show 
real capital costs rising Just 43 percent 
between 1974 and 1981, This works out 
to an annual rate of increase of 5 per- 
cent* one-third the rate in the American 
and West German nuclear industries, 
French planners maintain that nuclear 
power is 20-40 percent less expensive 
than coal-fired power,** 

The scanty cost data released by 
French authorities make it difficult to 
draw conclusions* and there is no way to 
verify the official numbers. Most of the 
figures released ar^ ciggregate numbers 
compiled by planners with a vested in- 
terest in the economics of their program. 
And as no data are available for individ- 
ual plants, it is impossible to confirm the 
figures or to correlate them with relevant 
variables. Also* Electricity de France 
(£DF) has run up a deb^ of $19 billion on 
its nuclear program. It is quite possible 
that hidden behind EDF*s complex ac- 
counting practices are substantial subsi- 
dies for nuclear power, 

At least in relative terms, however, the 
French program has been an economic 
success. The margin may not be as large 



ais official figurs indicate* but nuclear 
power in France i\c s appear to be less 
expensive than coal-fired power. One ca- 
veat to bear in mind* however* is that 
although capacity factors have generally 
been high and operating costs low, since 
1982 many French plants performed 
poorl}t which is likely to raise costs. 
Only more time and experience will tell 
how economical France's ambitious pro- 
gram really is. 

The limited information available for 
other nations also shows substantial cost 
increases during the last decade. In 
Japan* average real construction costs 
have gone from $350 per kilowatt in the 
eady seventies to $1*000 per kilowatt in 
the early eighties (in 1982 dollars) ac- 
cording to utility industry sources. The 
official Soviet figures released in the lat- 
est Five-Year Plan report that nuclear 
plants are 80-100 percent more expen- 
sive to build than coal plants* Data 
released by Ontario Hydro, the builder 
of Canada's CANDU nuclear plants* 
show that construction costs went from 
$400 per kilowatt in 1972 to $1700 in 
the early eighties* a real rate oi increase 
of 6 percent after accounting for infla- 
tion. And in India the government now 
admits that nuclear power is much more 
expensive than coal-fired electricity,*^ 



Etghty^seven nuclear plants were 
canceled in the United States be^ 
tween 1975 and November 1983. 



Comparing nuclear economics inter- 
nationally in strictly quantitative terms is 
a hopeless endeavor. Not only are com- 
prehensive and reliable data scarce* but 
constant variations in itiflation, ex- 
change rates, and fuel costs make it diflfh 
cult to apply common standards across 
national boundaries. Enough figures are 
available* however, to show that cost 
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overruns have bevn mosi scvvrc in ihe 
United States, West Germany, and the 
United Kingdom, But substantial cost in- 
creases above inflation appear to have 
been near-universal— even in such 
'*inodeI" nuclear countries as France 
and Japan, This has badly hurt nuclear 
power's economic standing compared 
with its most direct competitor— coal- 
fired power. Perhaps most disturbing 
from a long-term viewpoint is that al- 
most everywhere the situation seems to 
worsen over time. Many countries ap^ 
pear poised to repeat the disappointing 
economic experience of nuclear power 
in the United States. 



A U.S. Financial 
Meltdown 

The first signs of trouble for the U-S. 
nuclear industry came just after its 
growth binge of the early seventies. 
Ele\'en projects were canceled in 1975 
and another 32 from 1976 through 
1979. During the same period only 13 
nuclear plants were ordered. Many en- 
ergy analysts argued at the time that this 
was a mid-course correction, a down- 
Ward blip in nuclear power's healthy, 
growing future. They were wrong. The 
early eighties have witnessed a massive 
trimming of nuclear power programs by 
most of the country's utilities. Plans for 
16 plants were scrapped in 1980; 6 in 
1981; and a record 18 in 1982.=8 

For some utilities the cancellations 
constituted a m^or shift in their plans. 
ITie Tennessee Vailey Authority 
reneged on 12 out of 17 nuclear plants 
it had planned to build and the Public 
Service Electric and Gas Company of 
New Jersey dropped plans for 5 out of 8, 
All told, 87 nuclear plants were canceled 
in the United States between 1975 and 
November 1983, with a net loss in future 
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nuclear generating capacity of 83,000 
megawatts. {See Figure 7-2.) This is 30 
percent more nudear capacity than the 
United States currently has, enough to 
meet the electricity needs of any country 
except the Soviet Union or the United 
States. Meanwhile, U.S. commitments to 
coal-fired plants had a net increase of 
58,000 megawatts.*^ 

The depth of the nuclear recession in 
the United States is illustrated by the fact 
that only two plants ordered in the last 
nine years have not been subsequently 
canceled. And in the last several years a 
number of plants have been scrapped 
that were as much as 10 or 20 percent 
complete. In 1982 alone, reactors on 
which $5.7 billion had already been 
spent were abandoned, bringing the 
total bill for such plants to $]0 billion. 
The only thing that will stop this wave of 
cancellations is the rapidly shrinking list 
of facilities that are not at least half-built 
and, therefore, very costly to give up.^^ 

Behind the cancellations lie funda*- 
mental changes in the economic condi- 
tion of the utility industry. High inflation 
and interest rates have made it more 
difficult to finance long-term, capitai- 
intensive projects. Electricity demand 
growth has failen from 7 percent per 
year a decade ago to between 1 percent 
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and 3 pcrcolU Uxlay. Iha impact ofthis 
sudden shift has been exacerbated by 
tne fact that most utilities failed to fore- 
cast it correctly and have altered thejr 
planning several years later 'han would 
have been prudent. The long lead time.s, 
large capital requirements, and soaring 
cost overruns of nuclear projects have 
wreaked particular havoc on utilities at- 
temptmg to adapt to lower power de- 
mand and uncertain economic condi- 
tions,** 

In recent years* nuclear projeas have 
be<.ome a dominant and damaging part 
of utilities' capital budgets. Annual in- 
vestment for nuclear construction has 
risen from $2 billion in 1970 to $19 bil- 
lion in 1932* a fourfold increase even 
after discounting for inflatioa (See Fig- 
ure 7'-3,) Whereas nuclear plants re- 
quired only one-third of utilities* expen- 
ditures for new plants in 1970, by 1982 
they soaked up two-thirds. And these in- 
creases have occurred despite the sub- 
stantial drop in the total U.S. nuclear 
commitment since the mid-seventies* 
llie amount now spent each year on nu- 
clear construction is more than one- 
fourth the annual investment of the en-- 
tire U.S. manufacturing sector and more 
than three times that of the automobile 
industry,^* 
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As capital outlays soared and electric- 
ity demand stagnated the financial 
health of utilities deteriorated steadily. 
The proportion of expenditures that 
could be met using cash on hand fell 
causing a rapid increase in borrowing 
and stock issuance dunng a period of 
high interest rates and low stock prices. 
The stock of many companies began 
selling at less than book value. Wall 
Street analysts have become worried 
about the draining nuclear construction 
programs of utilities and many recom- 
mend against buying stock in such com- 
panies. The Merrill Lynch Company has 
gone so far as to publish lists of plants 
that it believes are ripe for cancella<- 
tion,'' 

Financial constraintshave driven utili- 
ties with ongoing nuclear programs to 
great lengths to raise capital. Borrowing 
short-term funds at usurious interest 
rates and ^'creative financing'' are com- 
mon. The Consumers Power Company 
of Michigan, builder of the troubled 
Midland nuclear plant, has issued com- 
mercial paper against the utility's oil, 
gas, and coal inventories, sold and 
leased back the company's headquarters 
building* and borrowed heavily on the 
Eurodollar markets,** When massive 
emergency transfusions become com- 
monplace, a patient is usually in de«p 
trouble. The inability to finance many 
nuclear projects has been the key signal 
to cancel them. The fortunate utilities 
are those that have been able to cut their 
losses and get out early. 

One company that investors are par- 
ticularly concerned about is the Long Is- 
land Lighting Company (Lilco), builder 
of the820*megawatt Shoreham nuclear 
plant in New York. That plant* ordered 
in 1967, is now scheduled to be comp- 
leted in 1984 at a cost of $3.4-3,6 bil 
lion, approximately 1 5 times the original 
bttdget. The Shoreham plant will gener- 
ate at most one-third of the utility's elec- 
tricity but its cost exceeds the book value 
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of Lilco*s entire eletiritiiy sysunn. in- 
cluding other generating plants, trans- 
mission lineSi and maintenance facilities. 
Electricity raies on Long Island are ex- 
pected to double in five years to pay for 
the plant. If the Shoreham reactor is ever 
permitted to operate* which is now in 
some doubt, it will yield the most expen- 
sive electricity ever produced by a large 
central generating station 



Ribbon-culling ceremonies for nu- 
clear facilities now often serve to 
inaugurate a brave new world of 
higher electricity bills. 



Nuclear cost overruns have put many 
state utility commissions in a diflicult po- 
sition. They are caught between the de- 
sire to keep electricity affordable ibr 
consumers and the need to provide utili- 
ties with enough revenue to preserve 
their financial health, U.S, electricity 
rates have more than tripled in the past 
ten years after being nearly stable during 
the previous decade. Much of the in- 
crease stems from higher fuel prices, but 
rising nuclear construction costs have 
become an increasingly important fac- 
tor. Ribbon-cutting ceremonies for nu- 
clear facilities now often serve to inaugu- 
rate a hrave new world of 30 to 50 
percent higher electricity bills, a phe- 
nomenon for which the term "rate 
shock" has been coined. In New England 
it is believed that the twin Seabrook 
plants could cause rates to more than 
double,'^ 

There is no indication of an imminent 
revival pf nuclear orders in the United 
States. ITie Atomic Industrial Forum* 
which represents the U.S. industry, 
opened a 1982 mid-year press release 
with the optimistic assertion that "the 
U'S- nuclear power program enters the 
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home stretch of 1982 like a runner 
poised in mid-stride." But the positive 
indicators the industry pointed to are the 
number of plants entering service and 
the power they generaie^-each of which 
continue to lag earlier projections by 
wide margins. No longer is the industry 
offering firm predictions of when it 
would stop living off pre-1975 plants 
and start ordenng new ones. Perhaps 
the most optimistic projection made re- 
cently is the Department of Energy's 
1982 "mid-case" projection for the year 
2000, which assumes that another 25 nu- 
clear plants will be ordered in the eight- 
ies. This projection is probably little 
more than a fantasy however. It is hard 
to find any serious analyst at this point 
who expects to see additional nuclear or- 
ders befoie 1990,3' 

The industry's ''preconditions" for 
the revival of nuclear power are usually 
dotninated by regulatory reform, higher 
electricity rates to pay for the plants 
being built* and lower inflation and in- 
terest rates. These issues hardly scratch 
the surface of the industry's problems 
however. The kind of fundamental 
changes that would really be needed — a 
guaranteed reduction in nuclear con- 
struction costs and a major surge in elec- 
tricity growth — are far less likely. The 
continuing financial crisis caused by the 
remaining nuclear projects hardly cre- 
ates a climate conducive to major new 
investment programs. 



The Outlook in Other 
Industrial Countries 

It is not just in the United States that 
nuclear power faces a less secure future 
than was expected just five years ago. 
Although most governments with major 
nuclear programs — including France, 
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Jupai], and ilio Soviet Union — remain 
strongly committod to nuclear power, 
there is a growing gap between rheton* 
cal and monetary support and the actual 
achievements of the nuclear programs. 
B<.>hind the lagging pace lio diminished 
growth in electricity demand and a long 
list of technical, economic, and political 
problems. 

The total commitment to nuclear 
power in Europe has risen only 10 per* 
cent since 1978 and almost all the gain 
eomes from France/Ilie number of Brit- 
ish and West German projects has risen 
slightly, while the numbers in Spain. 
Sweden. Switzerland, and Italy have 
ffillei], 'Ilie changed ouilook is well illus- 
trated by the Organisation for Economic 
Co-operation and Development's 1985 
nuclear capacity projections, wlpch have 
been lowered by nearly two-thirds since 
1970, (See Table 7-2,) 

West Germany had Europe*s largest 
nuclear program until tl;e late seventies, 
and ii has enjoyed strong suppori from 
the country's leaders. In receni years, 
however, political opposition in West 
Germany has mushroomed. Major 
demonstrations have occurred ai a num- 
ber of plant sites, including one near 
Hamburg in 1981 that was described by 
the West German Interior Minister as 
the biggest police action in the history of 
the federal republic. Opponents have 
also been successful in raising issues of 



safety, environmental damage, and cost- 
effectiveness iit licensing hearings and in 
the courts. Project detays and cost over- 
runs have been common. Meanwhile, 
electricity growth rates have dropped 
substantially and ihe country has been 
tmder increasing economic pressuret 
which makes investment in major capi- 
tal-intensive projects much less attrac- 
tive,*® 

Only one nuclear power plant has 
been ordered in West Germany since 
1975. and eight of those ordered prior lo 
1975 are not yet off the drawing boards, 
due largely to political opposition and 
ongoing court battles. Only eight plants 
are currently being built, four of which 
are at least 80 percent complete and an- 
other three half done. The West German 
nuclear industry suffers from consider- 
able overcapacity as a consequence; 
component manufacturers in particular 
are reportedly losing a good deal of 
money, and many workers have been 
laid off « 

With only about 8.000^megawatts 
worth of nuclear plants now under con- 
struction. West Germany will have less 
than half the 45.000 megawatts of capac- 
ity that had been projected for 1990. 
Preliminary approval has been given for 
a ^'convoy" of largely standardized 
plants to be built in the next decade. But 
whether this proposal will survive critics* 
arguments that the plants are not 



Table 7-2. Projections Made In 1970-83 of 1985 Nuclear Generating Capacity 
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needed and would be more expciuive 
than available alternatives is doubtful. A 
growing number of utility officials are 
concerned about the rising costs of nu- 
clear power With a 50 percent reserve 
margin in most of the country utility 
systems, they have little incentive to tuke 
major new rislcR-*^ 

Unlike West Germany. France is keep- 
ing close to lis ambitious nuclear plans 
of a decade ago. The country already has 
30 nuclear plants in operation and 28 
more under construction, France now 
derives 40 percent of jis electricity from 
nuclear power and is on course to gener- 
ate 75 percent by 1990, The French nu- 
clear program i^ supported by a strong 
central government that allows tittle op- 
position. Both the utility industry and 
Framatome (the lead nuclear company) 
arc adjuncts of the state. Moreover, the 
nuclea: industry is an influential com|>o- 
nent of the French national economy, 
and the income and jobs it provides have 
become a strong political incentive to 
continue, 'l>ie staying power of French 
nuclear power was demonstrated in 
1981 when socialist President Mitter- 
rand came to office calling the nuclear 
program ^'excessive, even dangerous*' 
and then proceeded with business as usu- 
al, supporting nuclear power strongly,*' 

Economic realities have proved much 
more hazardous to the F'rcnch nuclear 
program than political opposition. Elec- 
tricity growth has been gradually stow- 
ing since the late seventies, and in 1982 
the government reduced its forecast of 
growth in the eighties by 50 percent, 
lliis means France would have at least 
13 percent too much generating capacity 
in 1990. Such projections led Electricity 
de France to introduce special subsidies 
for electric heating and to set up re- 
gional agencies that witi encourage in- 
dustries to usO more power. The decom- 
missioning of many relatively new 
coal-fired plants and the export of elec* 
tridty are also planned. The upshot is 



that even many of the strongest support- 
ers of nuclear power in France now 
admit that from an electricity demand 
standpoint, no additional plant orders 
are needed for at least several years,** 



Economic realities have proved 
iTuch more hazardous to the 
French nuclear program than polit- 
ical opposition. 



The French nmtear program is also 
becoming a burden on already strained 
capital markets, EDF has been forced to 
reschedule debts and borrow extensively 
on the Eurobond market to keep con* 
struction going. The director stated in 
1982 that the utility was in its worst 
financial condition in 30 years. In 1983 
a high-level government committee 
released a long-term study thai con- 
cluded that France should not order any 
additional planti* until 1987, Recogniz- 
ing the consequences this would have 
for an industry geared to handle six new 
orders per year, the government decided 
instead to reduce nuclear plant ordering 
to just two units per year in 1984 and 
1985: even ihis plan provoked warnings 
of massive layoffs of nuclear workers and 
the possibility that France's small nu- 
clear supplier companies could be 
forced out of business,*' 

The French nuclear program, al* 
though a success politically and in nar- 
row economic terms, has in a sense be- 
come the victim of its own achievements^ 
Its low costs are mostly attributable to its 
large scale and to a dearth of political 
opposition, but these very factors have 
made it difficult to adjust to a period of 
rising costs and lower electricity de* 
matid. It will be increasingly difficult for 
the country's leaders to justify ordering 
even two plants per year Although in 
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the ttittctics 11 wilt jttnoM fcruuily be the 
tountr)- that relics most on nuclear 
power. France's full-throttle nuclear ex- 
pansion program may have slowed to a 
spuurr by then. 

The British nuclear imigrain ts in h 
mUiU more anemic nmdjtian. Beyond 
the 8,500 megawatts of nudear capacity 
that m»w supply 13 percent of the coun- 
iry*s electricity, only another 5t500- 
megawatts worth are under construc- 
tion, much of which is near completion. 
Hk* high eost of the plants built so far 
ami the foreeasis that electricity demand 
will grow little^ if at all, in the next dec- 
ade provide ample economic hurdles to 
a r<*vitali/ed nuclear eonstruction pro- 
gram. The current Sizewelt Inquiry on 
whether to build aii American-style 
light-water plan* vdW in effect provide a 
verdict on the future of uuctear power in 
Britain. 'Iltat plan, wliieh has been 
M'verely challenged on e<'oiiomic 
grounds, provides the only hope for ad- 
ditional nuclear orders in the near fu- 
ture. Without itt the ntielear industry in 
Britain would socm wither'*'* 

Programs inother northern European 
countries are quite small and unlikely to 
grow rapidly in the near future. Belgium 
has five operating ntKlear piantSi Fin- 
land four Switzerland four and the 
Netherlands two; only Belgiumt how- 
ever, has additional plants being built. 
Sweden had a major program under way 
until 1980, when a national referendum 
on nuclear power was decided in favor of 
dtscomintiing the program and phasing 
out all the countr>'*s nuclear plants by 
the year 2010. Although Sweden has 
nine reactors in operation and gets over 
30 percent of it% electricity from nuclear 
power only two plants remain under 
coiistniciion.^^ 

The nticleat power programs of the 
Soviet Union and Kastern Europe are al- 
most completely independent of those 
in the West, but they have followed a 
surprisittgly parallel course. Construc- 



tion of plants in the Soviet Union began 
in earnest in the early seventies, and the 
nation*s nuclear capacity grew from It- 
600 megawatts in 1970 to 6,200 mega- 
watts in 1975 and to 17^500 megawatts 
(at 29 plants) in 1983. Nuclear power is 
completely run and controlled by the 
government and the Communist party* 
whirh have a tradition of supponing 
electrification as a foundation of the 
modern economy. State-owned compa- 
nies design and build the plants^ and 
government officials determine in their 
Five-Year Plans how many reactors will 
be financed.^* 

The Soviet Union obtained half as 
much electricity from its nuclear plants 
in 1983 as was expected a decade agot 
and the rest of Eastern Europe has 
missed its targets by similar margins. 
Nuclear power is nonetheless becoming 
an increasingly important energy source 
throughout the Eastern bloc* already 
supplying 6 percent of the Soviet 
Union's electricity, 12 percent of East 
Germany's, and 18 percent of Bulgaria's. 
Official projections call for reactors to 
supply close to a third u( the region^s 
electricity by 1990. which would require 
at least a tripling of nuclear capacity,^^ 

In the past several years the Soviet nu- 
clear program has concentrated on 
building the Atommash plant, designed 
to turnout as many as eight standardized 
nuclear reactors each year. This un- 
precedented effort at standardization 
should in theory help cut project lead 
times and reduce costs. It is also unique 
in that it is part of an internationally inte- 
grated nuclear program in which com- 
ponents made in various East European 
facilities will be used in each plant. The 
large Skoda facility in Czechoslovakia 
produces turbines, generators* pumps, 
and pipelines. Plants in Hungaryt Bul- 
ganat East Cemiany. and Poland are also 
in >lved. It is a strategy that should be 
mi>re efficient than having each nation 
build its Own plants; from the ground up. 
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As with much of the ^Soviet <:cononiyt 
the nuclear progi;>m is kept under tight 
wraps. Published mromiation accentu- 
ates successes and downplays problems. 
Many examples have nonetheless 
emerged of technical and organizational 
difBculties that have slowed develop- 
ment» including bbor-management 
problems and delays caused by builders 
and ftuppl]ers> The nuclear targets in the 
current Five-Year Plan are reportedly 
being missed by more than 6.000 mega- 
watts> The Atommash facility itself is at 
least two to three years behind schedule 
and was the site of a major accident in 
mi(l-l<)83,« 

Substaiuial cost overruns on the coun- 
try's nuclear plants are conceded by So- 
viet ^authorities although there is no evi- 
de;ice that these have had a direct effect 
on the overall program, which continues 
to enjoy ample political support and 
proceeds as rapidly as various technical 
and management difBculties permit. The 
true test of Eastern Europe's nuclear 
power programs almost certainly lies 
ahead, since the scale of the efforts and 
the associated financial and technical 
risks are growing rapidly. Only time will 
tell whether the Soviet approach of mas- 
sive centralization and the absence of 
political opposition and financial checks 
can lead to safe nuclear plants at a rea- 
sonable cost, 

Japan has one of the largest nuclear 
development programs in the world 
today. Despite the painful legacy of the 
atomic bomb and considerable public 
fear of radiation* the government has 
made nuclear power the cornerstone of 
its energy policies in the bsi decade. 
With 117 million people squeezed into 
an area the size of California and with 
four-fifihs of the country's energy sup- 
plies currently imported, nuclear power 
is viewed as the only means of rapidly 
enhancing the country's security, Japan 
has 25 nuclear plants in operation, sup- 
plying 16 percent of the country's elec- 



tricuy* and another 13 are under way. 
The government has ambitious plans to 
expand nuclear capacity sixfold by the 
end of the century, at which point it 
would provide approximately half the 
country's elect riaty>^* 

llie first nuclear plants in Japan were 
essentially American-designed reactors 
licensed from overseas corporations. 
Major research eff^orts in recent years 
have tried toestablish an indigenous nu- 
clear technology and industry* a process 
that is now largely complete. In fact» 
Japan is now considered a leader in reac- 
tor technology and has taken the initia- 
tive in joint ventures with American and 
West German companies to design an 
advanced light-water reactor. As in other 
industries, Japanese companies appear 
to be positioning themselves to compete 
in the nuclear export market in case it 
revives in the years ahead. 

Yet the continued development of nu- 
clear power in Japan is not necessarily 
assured: Political opposition is growing 
as the number of communities affected 
by plants increases. Because it is a small 
country with one of the world's highest 
population densities, it is inevitable that 
nuclear plants are built in somebody's 
"backyard/' often the site of a valuable 
fishery or beach resort. The accidental 
release of radiation from at least one nu- 
clear plant has aroused enormous con- 
cern. Also at issue are the frequency of 
earthquakes, which could severely dam- 
age nuclear plants in virtually all parts of 
Japan* and nuclear waste disposal, a 
problem thatwill be particularly difBcuit 
to resolve in such a populous country,*** 

Japan, like other industrial countriest 
has failed to meet its early nuclear goals. 
The target for 1995 has already been re- 
duced by 13»O00 megawatts and there 
are indications that the recent recession 
will delay the nuclear program further,*^ 
Cost overruns have been a concern to 
Japan's nuclear managers but have not 
yet forced a wholesale reevaluation of 
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tho countn s tuRloar goals. Another 
concern is that many Japanese plants 
have shut down frequently for repairs. 
Vet the country's nuclear manufacturers, 
Its privately owned utilities, and its en- 
ergy oflicials are determined to forge 
ahead, I1ie pace at which thoy do this 
will probably Iw determined largely by 
the operating and safety records of the 
plants and by their success in dealing 
with the waste disposal problem. 



Nuclear Power in the 
Third World 

During the sixties and seventies, devel- 
oping cfjiiiitries had some of the bright^ 
est hopes for nuclear power which 
I hird World leaders viewed as a way to 
boost national prestige and reduce crip- 
pling oil import bills. Industrial countty 
governments dispatched experts to pro- 
mote ihe economic merits of nuclear 
power. In the early seventies, the Imer- 
nauonal Atomic Knergy Agency (IAEA) 
projected that developing countries 
would have 550,000 megawatts of nu- 
clear capacity by the end of ihe century 
— 40 percent more than worldwide oper- 
ating and planned nuclear capacity in 
1983,*^ 

By mid-198? six developing countries 
— Argentina, India, Pakistan, South 
Africa^ South Korea, and Taiwan— had a 
total of 13 operating nuclear plants, 
Three other countries are building 
plants and several are considering pro- 
grams. Still, the Third World represents 
Just 6 percent of (he total worldwide 
commitment to nuclear power. And 
since the mid-seventies the nuclear plam 
of these devetoping countries have been 
substantially reduced,*^ 

A key obstacle to nuclear development 
is the small size of electricity grids in 

O 
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Third World eountries. If a single power 
plant provides more than 15 percent of 
a grid's capacity, the whole system will 
*'crash" if that facility is shui down. 
Using these figures, the IAEA estimates 
that only India^ Pakistan, South Korea^ 
and Taiwan have grids large enough to 
install a conventional 1,000-megawatt 
nuclear power plant. Nuclear manufac- 
turers have responded by proposing 
'*mini-reactors" in the range of 100*500 
megawatts. But none is ready yet com- 
mercially. The estimated per-kifowatt 
construction cost for a plant of 200 
megawatts is more than twice that of a 
i,000-megawatt plants making them 
even less attractive economically,** 

A deteriorating world economy since 
1980 has also led to a significant trim- 
ming of the Third World's most active 
nuclear power programs. The capital in- 
tensity of nuclear power plants makes 
them a burden to debi-strapped devel- 
oping countries, particularly since much 
of the money must spent abroad, 
draining scarce foreign exchange. Sub- 
stituting nuclear import bills for oil im- 
port charges is not seen by most Third 
Worid leaders as much of a gain. 

The "miracle economies'* of the Far 
East have made the largest Third Worid 
commitments thus far. Rapid growth 
and sizable electricity grids in countries 
such as South Korea and Taiwan explain 
why they are tikely to have over half of 
the Third World*s nuclear capacity by 
1990, Taiwan, clinging to an aggressive 
nuclear expansion program begun in the 
seventies, has four operating plants and 
two under const ruction. The pace slack- 
ened in 1982, howevenwhen Taiwan de- 
ferred several reactors indefinitely be- 
cause of economic constraints and a 
slowdown in electricity growth. South 
Korea has two operating plants and 
seven being buih, but it too has decided 
against new orders in the early eighties. 
Leaders in these countries are strongly 
committed to nuclear power, bu t a major 
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improvement in economic conditions is 
now a prerequisite to building additional 
plants 

I1te Philippines once had ambitious 
plan^ for nuclear power but the coun- 
try's first plant, sited near an earthquake 
fatilL suffered major delays and cost 
overruns while the seismic design wasi 
bolstered. Plans for additional ones have 
been scrapped. China has no nuclear 
plants, but some ofthe leaders in Beijing 
appear quite interested in this energy 
source. Capita) requirements have made 
them cautious about making major com- 
mitments so far however and the coun- 
try ha^ onlv one ^mall nuclear plant on 
onler as of lft83.»* 

India has the broadest range of nu- 
clear technology and expenise of any 
Third World comitry. lis program is 
largely homegrown and mttrh more in- 
dependent than those of other develop- 
ing nations. Four small plants are o])er- 
ating and another six are under 
couMruction. India realistically expects 
to obtain 10 percent of its electricity 
from nuclear power by the nineties. The 
early hopes of the country's nuclear 
scientists for this source of energy have 
not materialized, however. The pbnis 
proved to be expensive and have poor 
operating records. Additional orders are 
not foreseen in the near future." 

Among the Middle Eastern countries 
that once had ambitions plans for nu- 
clear power are Egypt^ Iran, and Iraq. 
Each has seen a combination of eco- 
nomic and political problems seriously 
Jeopardize its program. Iran's Islamic 
revolution in 1079 killed an ambitious 
and costly effort aimed at installing 
23t000 megawatts of nuclear capacity by 
1994* Even before the revolution* how- 
ever critics questioned the size and eco- 
nomic viability of the Iranian program. 
Iraq's nuclear program came to a halt in 
1981 when Israeli warplanes destroyed 
the research reactor that was its center- 
piece* Egypt also considered building 



nuclear plants in the eighties, but its 
efforts are now* on hold.** 

l^tin America was a booming market 
for nuclear power in the seventies, but it 
too has fallen on hard times. Argentina 
has had a small plant operating since the 
early seventies and two more are being 
built^ Wrapped in the cloak of national- 
ism. Argentina's nuclear program has 
enjoyed strong government support* 
and the country hopes to have six oper- 
ating plants hy the end ofthe century. 
Crippling debt problems, however* have 
cast doubt on these goals* and anything 
beyond the two now being built is un- 
likely.5* 



Substituting nuclear import bills 
for oil import charges is not seen 
by most Third World leaders as 
much of a gain* 



Brazil, the world's sixth most popu- 
lous country* has one plant complete 
and two under construction. The coun- 
try planned to have eight plants operat- 
ing by the early nineties^ largely relying 
on West German technology, but major 
technical problems and a lack of capital 
have rendered these goals meaningless. 
Brazil will be lucky to complete the two 
now being worked on. Mexico was a late* 
comer to nuclear power* but as oil reve- 
nues soared in 1979 and 1980, the coun- 
try's leaders announced plans to build 
seven plants during this decade. Today 
that vision has been obliterated by the 
country's debt crisis.**^ 

Current plans indicate that develop- 
ing countries will have at most 20.000 
megawatts of nuclear capacity by 1990* 
which is only one-seventh as much as the 
IAEA had projected in the early seven- 
ties.*' Yet even these numbers overrate 
the economic viability of nuclear power 
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in developing couninci. All ihe nuclear 
sales in the Third World so far were sub- 
sidized by industrial country govcrn- 
mems or manufacturers. The day when 
nuclear plants are sufficiently cosi-efTec- 
live thai developing countries will buy 
ihcm ai the full price is far off indeed. 

Beyond ihese problems lies ihe more 
fundamental question of whether nu- 
clear power is a wise use of scarce re- 
sources for a developing coumry. Nu- 
clear power creates fewer Jobs and 
requires more dependence on foreign 
companies and governments than does 
almost any other investment a Third 
World nation can make, Ii is also likely to 
serve a small minority who use electricity 
while bypassing the majority, who rely 
on fuelwood and charcoal Investing in 
rural electrification using small-scale re- 
newable energy sources or improving 
the efficiency of wood cookstoves would 
provide far greater benefits. 

Nuclear powerwas greatly overeold in 
the Third World, Humanitarian and 
profit-seeking motives became con- 
fused, and projects were pushed that had 
little hope of being economical* Most na- 
tions would in fact benefit if any projects 
not yet built were swiftly canceled. And 
beyond the economic issue is the grow- 
ing realization that nuclear power plants 
are inviting targets for military and ter- 
* 'st attacks in politically unstable re- 



NucLEAR Power's Future 

Worldwide, nuclear power development 
hangs by a much thinner thread than 
most policymakers yet realize. The glob- 
al commitment to building nuclear 
power plants has declined by 31,000 
megawatts since 1978, as major cancella- 
tions in the United States were not offset 
by the more modest orders in some 



otlK'r nations. Further declines in the 
next few /ears are virtually certain since 
few orders are expected, and many of 
the 20-30 plants not yet under construc- 
tion or on which work has been stopped 
are candid^te^ for cancellation. The asu- 
ally optimistic Nuclear Energy Agency of 
the OECD concluded in 1982 that, 
"There is some risk that the nuclear in- 
dustry will not remain commercially via- 
ble in a climate of uncertain and variable 
markets,*' Markets of any kind are 
becoming rare indeed for the nuclear in- 
dustry,*' 

Hard* cold economics is now doing to 
nuclear power what thousands of hot- 
blooded demonstrators never could. It is 
slowly, painfully shutting dpwn Jhe 
world's nuclear industries. The only 
countries in which development is pro* 
ceeding at close to the pace planned a 
decade ago are those where there is no 
semblance of a market test and where 
nuclear power is pushed single-mind- 
edly by a strong central government. Pri- 
vate investors who have a choice and 
who must bear the financial responsibil- 
ity for their decisions are steering clear 
of nuclear power. 

Important additional costs may fur- 
ther tip the economic scales. The dis- 
pose! of nuclear wastes and decommts- 
sioning of old plants are critical 
problems that have yet to be effectively 
resolved in any country. Each presents 
enormous health and safety concerns 
that could affect societies for genera- 
tions. Providing remedies will inevitably 
add to the cost of nuclear power. So far 
waste disposal and decommissioning are 
'^uncounted costs" and their potential 
size can onlv be guessed. Official figures 
generally show the disposal and decom- 
missioning adding 5-10 percent to the 
cost of nuclear power though unofficial 
estimates range up to an additional 30 
percent or more. The degree of concern 
over these issues is evident in California; 
The state legislature there has on eco< 
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nomic grounds bunnod ihc building of 
nuclear pbnts until there is a national 
program for waste disposal 

Some would argue that even tf nuclear 
[K>wer is expensive it is still essential as 
a replacement for imported otl. Al- 
thottgh it is true that nuclear power has 
helped lower oil imports in some ttatioits 
— particularly France and Japan — in 
most coutitries its contribution has been 
negligible, dwarfed by increased use of 
coal and energy efficiency. In the United 
States oil imports have fallen 50 percent 
since 1978, but nuclear power genera- 
tion has risen only 5 percent. Today a 
small and shrinkhig fraction of the 
world's oil is used to generate electricity* 
and the oil versus nuclear equatjou is 
largely nioot,*^ 



Cold economics is now doing to 
nuckar power what thousands of 
hot-blooded demonstrators never 
could. 



The choice between coal and nuclear 
power* as usttally posed, is not an attrac- 
tive one. Coal-caused air pollution has 
steadily increased in many countries^ 
producing new evidence of health and 
environmental damage. Air pollution is 
shortening the lives of millions of peo- 
ple, particularly in developing countries 
that cannot afford pollution controls. 
Recently, acid rain and the threat of clt- 
ntate change through the greenhouse 
effect were added to the list of coal- 
related tils and appear much less open to 
simple technical fixes. 

The world's energy options, however* 
are not limited to a choice between nu- 
clear power and coal. The biggest 
change in the utility industry in recent 
years has been the new role of"end-use** 
energy efficiency as an alternative to new 



power plants of any kind. By increasing 
the amount of light delivered by a light 
bulb or the work performed by an indus- 
trial motor for every kilowatt-hour of 
electricity used, the same energy ser- 
vices are gained at less than it would cost 
with a new generating plant.^^ 

Many of today's efficiency investments 
save energy at a cost of between 1^ and 
2^ per kilowatt-hour^ which is one-tenth 
to one-ftfth the cost of electricity from a 
new coal or nuclear plant. Utilities are 
beginning to take advantage of such bar- 
gains, in part because regulators are al- 
lowing them to include in the rate base 
the funds invested^ say, in home insula- 
tion or a more efficient air conditioner, 
just as theydo investments in newpower 
plants. A 1983 survey of 120 U.S. utili- 
ties by the Investor Responsibility Re- 
search Center found that 75 percent 
have formal energy efficiency programs. 
Collectively the utilities surveyed esti- 
mate that improved efficiency will re- 
duce their need for new generating ca- 
pacity by 30,000 megawatts over the 
next decade at a cost of $6.6 billion, or 
less than one-stxth the cost ofequivalent 
power from a new nuclear plant 

These fundamental changes in the 
economics of electricity are greatly ex- 
panding the list of utthties' options. This 
broader contex' ts likely to determine 
nuclear power's future. Donald Jordan^ 
president of the i\dtson Electric Insti- 
tute, said in 1983: **The huge construc- 
tion program we face has damaged our 
industry and our company. The best 
thing for us would be no growth/' En- 
ergy conservation programs have caught 
on more slowly outside the United 
States, but many are now beginning. 
Throughout virtually the entire indus- 
trial world electricity growth rates have 
slipped from the 6-8 percent annual 
rates of the early seventies to between I 
and 4 perceiu today. In much of north- 
ern Europe, electricity use could actually 
decline,*^ 
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Whoii nc\< gcnoraim^ capacity is 
needed* utilities wilt have many more 
opiions than when they last ordered 
plants. Promising renewable sources of 
electricity include small-scale hydro- 
power, geothermal energy, biomas» en- 
ergy, wind power* and photovoltaic »olar 
energy. In addition, cogeiieration — the 
combined production of heat and power 
— i» a rapidly growing alternative to cen- 
tral power plants. The cost of these en- 
ergy sources today ranges from just 
below to substantially higher than the 
cost of power from new coal or nuclear 
plants. But the cost of the new sources is 
declining while those of coal and nuclear 
are still rising, (See Table 7*3,) In addi* 
tion, ^iiany alternative energy projects 
can )'<^ huilt on almost any scale and 
plans quickly inodified if demand shifts, 
an important advantage given utility 
forecasters' poor record for projec- 
tions,** 

Nuclear power is going to find it hard 
to stay alive in the emerging competitive 
economic climate. In the United States 
most utilities now state openly that they 
do not even consider it in their plans for 
new generating capacity for the next 
decade. In other countries the strength 

Tabic 7-3, Estimated Cost of Ekctricity 
From New Plants^ 1983, With Projections 
for 1990 (in 1982 dollars) 



tner)^> Source 



1990 



(ccnis per 
kilowatt^ hour) 



Nudear 


10-12 


14-16 


Coal 


5-7 


8-10 


Small Hydropovfcr 


8-10 


10-12 


Cogeneraiion 


4-6 


4-^ 


Bionms 


8-15 


7-10 


Wind Power 


15-20 


6-10 


Photovoliaics 


50-100 


10-20 


tncrgy Efficiency 









of nuclear development appears to de- 
cline in direct proportion to the degree 
of responsibility and risk the private sec- 
tor is required to assume. 

If an overriding national goal is the 
expajision of nuclear power, a centrally 
plann<.Kj energy program appears best. 
However, providing energy services at 
the least cost and ensuring adequate 
capital for non-energy investments make 
a centralized commitment to nuclear 
power much less attractive. Even rela- 
tively successful programs are encoun- 
tering cost overruns that cannot be 
entirely short*circuited via central plan- 
ning. Many will pay for their "success" 
with high electricity rates and scarce cap- 
ital for years to come. 

The broad range of alternatives avail* 
able and the pace at which the utility in- 
dustry is changing make a balanced ap- 
proach more important than ever. Ade- 
quate power at the lowest feasible price 
is the most sensible ov^ll goal* with an 
internal accounting of the environment 
tal costs associated with each energy 
source. If nuclear power does not pass 
this market test, which it may not. it will 
be replaced by more^appropriate energy 
sources. 

Nuclear power's economic problems 
are not about to disappear. Costs con* 
tinue to increase everywhere and high 
interest rates and tight capital markets 
are likely to remain, even with a vigorous 
economic recovery. Arguments over the 
economics of nuclear power are bound 
to grow more heated as cost increases 
begin to aJfect electricity consumers di* 
rectly and as nuclear industries, starved 
for new orders, pressure for more sup- 
port. 

The question now is not whether to 
make a few small adjustments to encour* 
age a thriving industry, but whether to 
introduce fundamehtat institutional 
changes and new economic subsidies to 
prop up a dying business. Leaders in 
many countries will be tempted to mud- 
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die throughi making one dcciMon at a 
time and so wading gradually into a 
financial quagmire. This could the 
most costly approach of all. Many utili- 
ties ni the United States ha\e clung to 
nuclear projects long after their eco- 
nomic rationales had turned to dust. In 
the endi the plants were canceledi but 
often several \ears and hundreds of mil* 
lions of dollars laier than would have 
boon pnident. 

National leaders continue to be mes- 
merized by the onre-greai hopes placed 



in nuclear power and fail to see cleaHy 
the economic burden it has become. A 
baste business principle holds that 
money-losing enterprises should not be 
continued in an attempt to recover early 
losses tf more promising investment op- 
portunities are available. The tit * ts at 
hand to decide whether nuclear power 
programs have reached this point. Many 
natK)ns would benefit by cutting their 
losses and moving on to more-produc- 
tive endeavors. 
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Developing 
Renev/able Energy 

Christopher Flavin 
Sandra Fbstel 



Efforts to develop renewable energy 
sources have unfolded at an unprece- 
dented scale and pace since the 1973 oil 
embargo. In the early seventies, renew- 
able energy was tn a much weaker posi- 
tion than synthetic fuels, nuclear 
breeder reactors, and fusion power, en- 
ergy sources in which great hope had 
been placed and on which much govern- 
ment funding had been lavished. The 
many disappointments and delays plagu- 
ing these heavily funded technologies 
since the late seventies are s*iarply con- 
trasted by rapid progress made in devel- 
oping a wide range of renewable energy 
sources. 

Renewable energy development was 
stimulated by major new government re- 
search and development (R&D) pro- 
grams in the mid-seventies, which were 

Many of the issues in this chapter are discussed in 
greater detail in Daniel Deudney and Christopher 
Flavin* Henfmblf Ewrgy. Th Powtr to Choose (New 
Yori; W.W. Norton Sc Co., 1985). 



soon Joined by research efforts in univer- 
sity and corporate laboratories. R&D 
programs covered everything from ge- 
netic research aimed at developing bet^ 
ter fuel-producing crops to large solar 
demonstration projects built private 
companies with government funding. 
Not all the projects met their objectives, 
but the successes far outweighed thefail- 
ures and helped pave the way for future 
progress. 

In the development of any new tech- 
nology ihere is a natural evolution 
driven by economic and political devel- 
opments as well as technical change.. 
New inventions often languish in thelab- 
oratory for years before their commer- 
cial potential is recognized capital 
raised, and markets developed. Several 
renewable energy sources are now cross- 
ing this critical threshold* entering a 
stage of explosive growth that will dwarf 
past progress. The momentum estab- 
lished in the past decade appears suffi- 



152 



cienl lu overcome ihc negative vKvtis of 
stagnant oil prices, high interest mtes, 
and diminished government support. 



Renewable energy sources provide 
approximately 18 percent of the 
world's energy, mainly in the form 
of hydropower and wood fuel. 



Since 1980* 'irivato companies have 
decisively takt the lead from govern- 
menis in ihe development of renewable 
energy. According to International En- 
ergy Agency data for 17 industrial coun- 
tries* governments spent $1.2 billion on 
renewahle energy R&D in 1981 and in- 
dustry speni $1.4 billiun; total annual 
privaie investment in ihe actual develop- 
meni of renewable energy in these couti- 
tries probably approached $10 billiun in 
1983.' Surprisingly, invesimetiis rose 
consisienilydunng the worldwide reces- 
sion of the early eighiies. With ihe gov- 
ernnteni spending cuibacks, the privaie 
sertur is now leading the way in renew- 
able energy development. 

Today, reneu-able energy sources pro- 
vide approximately 18 percent of the 
world's energy^ mainly in the form of 
hydropower and wood fuel. That figure 
has mvn only slightly since 1!)73. btU 
more rapid growih is likely in the years 
ahead. The list of itnportarit renewable 
energy sources will grow to a half-dozen 
or more. Although tione of these will be 
a cheap patwea, eliminating the need 
for oil overnight, collectively ihey ap- 
pear capable of meeting many of the 
modest additional etiergy needs that will 
arise dttring the next decade. I he re- 
newable eneigy sources discussed in this 
chapter — wind power, wood ("ueK gt^<>- 
thermal energy, and photovoltaic solar 
cells— are among the energy sources in 
which recent progress has been substan- 



tial Other major sources*, such as hydro- 
power, methane generators, solar water 
heaters, and energy crops, will dealt 
wiih in this report in subsequent years. 



Farming the Wind 

Wind power has moved to ihe forefront 
of the renewable energy scene in some 
cotmtrie.s in the past few years.^ Al- 
though simple wind pumps have been 
us^ J for over a millennttnn to lift water 
for agricultural and household uses, 
wind power developmeni in the early 
eighties has been dominated by a new 
form of wind power: centralized wind- 
eleciric sysiems operaied hy or for utili- 
lies- "Wind fartns"—< luster ings of tur 
hitie.s (onnerted \o the eleciric grid — ;tre 
nou' geiieraiing powet commercially in 
California and a few oiher areas. 

Harnes.sing \he wind to generate elec- 
tricity daies h^ick to 1890* atid wind gen- 
erators were wtdelv use<l to electrify 
farms in the early pan of the ceniury. 
Aboiti 20.000 wind tiirhines are used 
today at fire lookouts and remote air- 
fields and on isolated ranches a-d 
c isial buovs> When energy prices 
hegan rising in the seventies, the wind 
power industry made only litfiil progress 
at first. Gradually the techtiotogy im- 
proved with the help iff government- 
funded research and development. 
Aerospace engineers worked to develop 
wind machines with blades as long as a 
Jumbo jet'a witigs and with generating 
capacities as high as 5,000 kilowatts* 
enough to supply power to over 1,000 
modern homes. 

At least eight giant wind machines 
have heen erected in the United States*, 
and others have gone up iti Catiada* 
Denmark, the Netheriands, the Soviet 
Union* Sweden, the United Kingdom* 
and West Germany. Success in these 
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cMorts has hvai ntixcd. Sontc wind itia- 
chines have blown over aitd sonic gener- 
ators have burned out — the ustial prob- 
lems of a new technolo^jv" — and efforts 
are being made to r(.*ducc the cost oi the 
windttirbinesatidiniproveUiei^ : ^liabil- 
ity. Kmpioying aeroS{)iare desij^ns and 
compuKT controls, tliosc giant machines 
rcqtiire world-class engineering. It %ill 
l)c several years before ihcy are a viable 
Commercial technology * 

Meanwhile, btisiness interest in wind 
power blossomed. A 1981 atirvey fouttd 
that 110 U.S. utilities had wtnd energy 
research programs, and man> have in- 
!$talled experimentdl miichines. 1 he 
woiUrs lirst contmeicial wr j f^rm 
begai: generating power in New Hamp* 
sliiro tn lO^I. and the 5rst municipal 
wind farm was installed in Livingston, 
Montana, in I982.» 

Since 1982. however, all Uiese efforts 
have been overshadowed bv those in 
California. Blessed with mountain 
passes that are ideal wind tarm sites, this 
staU' IS far and away uie world's wind 
farm pioneer. Beginning in the late sev> 
Cnties, ihe state go\'ernmen( conducted 
thorough wind resource assessments, 
offered generous wind energy lax cred- 
its, and required utilities to buy power 
from wind farms ar a competitive price. 
Rapidly rising electricity prices provide 
added incentive in a state where utilities 
still depend heavily on oil- and gas^fired 
power generation. 

Ilie result was a wind farm boom that 
some have likened to the California gold 
Ttish of 18^9. Siarting almost from 
ACtatch. developers installed 900 ma- 
chiin's at 20 separate locarions in 1982. 
Surve>s indicate that 4,613 wind tur- 
bines with a total generating capacity of 
300 megawatt.s will have been installed 
by the end of 1983, etu>ugh to meet the 
needs of over 30,000 households. (See 
Table 8-1,) Three-quarters of them wee 
installed in 1983 alone. Wind farms now 
in the planning stage that should be 



Table 8*1* CalifornU; Commercial 
Wmd Farms fii«talle<t, by Loevtion* 
by £iidon983« 







Generating 


Lonition 


Machines 


Capacity 




(nutnheT) 


4 megawatts) 


.Mtaniotn Ka^^ 


2,H3 


142 


Tehachapi 


1 *m 


102 


Mountains 






San Gorgon io 


6o:t 


34 


Pass 






Mojavc 


150 


18 


Salinas \alle\ 


80 


4 


Total 


4,613 


500 



' P n^limin ary e* l imat 
SOI Iters. Cdlifomia F-nerg> Commission, "i-arge 
California Wind Piojcas Installed in 1981 and 
1982." and "Urgc-Scale Cahtbmia Wind Projea$ 
Planned for 1983," Sacramemo. Calif, unpub. 
Iwhcd. 1983. 

complete by the late eighties include 8,- 
600 wind machines with a generating ca- 
pacity of about 1.500 megawatts.* The 
California Energy Comnjission's goal is 
for the state to have 4,000 megawatts 
installed by the end of the century, 
enough to supply 8 percent of the state*s 
electricity. 

Much of the early work in developing 
wind farms in California is being carried 
out by small innovative firms formed 
specifically to tap this power source. The 
companies have contracts with utilities 
to supply wind-generated electricity at 
the same price it would cost the utility to 
get the power from another source. The 
U.S. Windpower Company* one of the 
most successful developers, is one-third 
of the way toward its goal of providing 
60 megawatts of generating capacity for 
the Pacific Gas and 0ectric Company, 
The small wind energy entrepreneurs 
typically raise their own financing 
through limited partnerships and lease 
the iand on which the machines are con- 
structed. Aided by generous federal and 
state tax incentives, such firms can invest 
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111 lie*. pow<T souKcs Ultci iililitirv ^vill 
ii'ji develop on iheir o^vii. For Uie utili- 
ties, the urrangeiiient ls an almost risk- 
free of adding u new power source. 
For tlie investorv^ » heuhliy tax ciedii is 
avmbble, along with revenues Ironi th<' 
elcetritity .sales. As tUe te< huoIoj^Kvs im- 
prove aii<l wiii<i-gouTtit<'<l <'tc< truitv 
iieronics <-ost-comprtitive with conve*:- 
tioiul source*, the ti>x credits w:li no 
longer he iie<essarv.^ 

(>aHioriiia's win<l farnu have <levc4- 
opcd so qnickiv that tlu* wiial iiia< liine 
industry is still catching n*} Since the 
large tiiachnies are not comnieraalK 
readv. developers have relied on inedi- 
tiiii-si/e<l tnthiiie\ with generating ca- 
pa<'ilies oIEk tweeii 30 and 100kih>watts. 
So rjpi<l is the growth that more tiir- 
hiiK'S were hiiilt in the I nifed States in 
1982 ami U)H3 than iii tho previous ten 
yeari eomhined. Imported ina<hiiu'\. 
priuLU'ily Iroin th«' Vetherljiids and liel- 
giiini^ hUed the gap and <uriently supply 
10 pel cent of r.;di)oniitrs wind power 
market Th'' state is serving us a major 
sthiiulus to the wnut itiihine industry 
wxrt l<lw ide.* 



Wind farms now in the planning 
stage include 8,600 wit:d machines 
with a generating capacity of about 
1,500 megawatts. 



Modem wind titrhines include the lat- 
c'st ill trans mi\.vjon\, <ojTiputer controls, 
and synthetic materials. Hie w ind ianiis 
have not heen without technical prob- 
lems, however. Many machines have ha<l 
to he shut down temporarily Jot repairs, 
and important les*»i>iis roiitinu'' io he 
learned.^ 1 he most basic one is that a 
simple, rugged wind machine is likely to 
hold up the best, and some oi the sophis- 
ticated, efficient designs have heen ribaii- 



doiied, l^ige-scale assembly-line pro- 
<lu<ti<m oi wiml ina<liiiies should begm 
soon, putting wind p<jwer about where 
the automobile industry was when 
Henry Ford introduced the Model 1\ 
t he resulting machines are likely to be 
more reliable and les.s expensive. Gradu- 
ally 'Jevelop'Ts are ordcruig larger wind 
machines and ^t may be only a lew more 
years before n^ulti-megawatt machines 
are used comniei'-ially. Preliminary con- 
tracts have been sij?^iied to set np such 
wiiul farms. 

4 he e< cnioi.Hc verdi* i on wiml farms is 
in. If w ell-designed miKhines are |>lace<) 
at windy sites^^ electricity can already he 
generated for as httle as 10^ per kilo- 
watt-hour. Ill parts of *^aliforina. the 
U.S. Midwest, northern Europe, and 
many de\'doping c<AJtitries where wind 
spc^^'ds average at least V2 ini'es per hour 
and where oil-gencrated electricity is 
c<jinai<m. wind lamis are cU>se to being 
economically viable now. Studies in 
Europe and the United States indicate 
that later generations of mass-produced 
machines will be able to produce elec- 
tricity at 3-7^ per kilo'Autt-hour, making 
them commercially viable without spe- 
cial tax credits. By the nineties wind 
farms are likely to have an economic ad- 
vanta^e jver coal and nuclear power 
plants ir. mam parts of the world. In the 
iiieaiitnne, work is needed to further im- 
prove tuibiiie pcTformaiire and reliabil- 
ity.'*^ 

iTie environmental effects of w ind ma- 
cliiiies are a potential constraint on the 
future oi'this renewable energy source. 
iTie availability of inexpensive land far 
from housing developments is key to 
w ind farm acceptability. A ''farm" gener- 
ating power equal to a 1,000-megawatt 
power plant would cover approximately 
82 s<|uare kilometers of land. Meeting 
(California's goal of providing 8 percent 
of the state's generating capacity with 
wind farms rc<)uire5 the placement of be- 
tween 10,000 and 100.000 machines on 
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approximately 6(5 scuuiro kilometcrs^ 
Yet this area is just two-tctiths of 1 per- 
cent of the state's land. Based on such 
calculations, counirics with ample wind 
should be able to get 10-25 percent of 
their electricity from this resotirce with- 
out infringing oii land needed for agri- 
culture or housingJi 

Noise and safety are additional envi- 
ronmental concerns. Annoying sounds 
and inaudible vibrations have caused 
problems with some expenmontal wind 
machines. Residents living near Al- 
taniont Pass in California, site of the 
world*s largest projects, complained 
about the incessant "swooshing" sound, 
and their land fmallv had to be pur- 
chased by wind power developers. In 
1983, environmentalists fought a pro- 
posed wind farm to be located near the 
scenic northern California coasts Proper 
land me planning could prevent these 
problems. Wind farms clearly should be 
sited discriminately, and there are plenty 
of good locations where conBicts should 
not arise J* 

California s wind farms have already 
gained worldwide attention and are 
likely to stimtilate similar projects in 
other countries that can benefit from the 
technical and institutional lessons of 
these pioneers. In the Netherlands, the 
national electricity association is devel- 
oping a 10-megawatt experimental farm 
and plans to be generating 7 percent of 
the country 's electricity with wind power 
in the year 2000, Experimental wind 
farms have also been started in Denmark 
and Sweden* and several other northern 
Kui'opean coimtries have similar plans. 
One of the most innovative is a British 
plan to create offshore ''farms" in the 
windy North Sea. supported by plat- 
forms anchored to the sea floor.'^ 

Government support is a prerequisite 
for the successful early development of 
w ind power The advances made in Cali- 
fornia would not have been possible 
without tax credits. By reducing the in- 



vestment risk, tax incentives stimulate 
the eariy stages of wind power develop- 
ment. So fan most government support 
has been funneled into R&D programs* 
which are necessary but not sufficient to 
create a viable wind farm industry. Wind 
resource surveys are also essential. 
Those done in California^ for example* 
revealed an energy source larger than 
anticipated and were the catalyst for the 
state's wind farm boom, 

Today economics and politics--! nore 
than resource or technical Kmits^^re 
constraining wind power development. 
In California* the expected boom in 
1983 was slightly restrained by delays in 
extending the state's renewable energy 
tax credit^ Oil price declines and the re- 
sultant lowering of the *'buy-back rate" 
that wind developers receive from utili- 
ties have also slowed the progress. Since 
mid-1983 wind farming efforts have ac- 
celerated* however* and several thou- 
sand machines should be installed in the 
next few years. Wind power is shaping 
up to be a major energy success story of 
the eighties. 



The Resurgence of Wood 

India and the United States* far apart on 
the economic spectrum* have '^t least 
one thing in common: They no*v bum 
approximately equal amounts of fuel- 
wood. Yet in the United States the 130 
million tons of fuelwood used annually 
represents only 3 percent of energy con- 
sumption* whereas tn India this same 
amount supplies one-fourth the coun- 
try's energy-*^ 

These two countries highlight a strik- 
ing dichotomy in worid fuelwood use: 
overuse in the devt:lopinp world* where 
tuelwood is a necessity in ever shorter 
supply, and great underuse in the indus- 
trial world, where despite its abundance 
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wood was large)) supplanted by othrr 
energy sources in the early twentietli 
tenturv. For mosi Third World resi- 
dents, fuelwood lA (he only viable* cook- 
ing fuel. (>\er 100 inillioii of these peo- 
ple cannot get enough wood to cook 
their food and over a billion are meeting 
fuel needs only by ovenutting and dep- 
leting their wood resources, (As dis- 
cussed ifi (^liapter 5, massive tree plant- 
ing is the only hope of aventng this 
growing I hinl World energy crisis over 
the coining deeadesj 

Vet in iiiany induMrial couiiuies fuel- 
wood use has onh scratched the surface 
of its ])<>tentijL \fillions of tons of wood 
Wiiste and low-(Hiitlit> timber go unused 
each year in the forest-iicli countries of 
North America and Kurope. Now, afier a 
centun-loiig decline whc*ii cheapt abun- 
dant fosisil fuels doiiiiiiatedi wood is edg- 
ing Its ^«i> hdiV. into the energv budgets 
of industrial iiaiicnK, 

Sweden, wah one of the highest oil 
imports per capita hi the world, lia^ 
given wood *^ prominent role in its plans 
for a more self-siifBcient eiiergv future. 
Aiming to halve oil consumption by 
1900, Sweden plans to get 15 times ajs 
much eiiergv' from fuehvood» wood 
cbipSi and forest residues ;is it did in 
1980, .Adding eneryy from pulp-mill 
wastes should bring wood's projected 
1090 contribution lo 12 percent of total 
energv supplies, neariy half oil's share. If 
ihe governments plans to reap energy 
from tree plantations are even modestly 
snccessftil. wood will replace oil as the 
leading energ) source before the end of 
the centurv,'"* Finland, too,, is investigai- 
nig "eneigy forests'' — the planting of 
willow and other fast-growing, noncom- 
mercial species mainly on marginal 
lands. Estimating that wood waste could 
replace up to 30 percetn of its oil im- 
ports. Finland has resolved to strive for 
40 percent energv self-sufficiency by 
1990.1* 

Canada derives S,5 pe**cent of its pri- 



(t-ft) 

mary energy from wood, nearly all of 
which is used in the forest products in- 
dustry. Burning wood for space heating 
has been limited to about 3 percent of 
Canadian homes, although the residen- 
tial wood market is much stronger in 
some eastern provinces where wood 
supplies are nearer to towns. On Prince 
Kdward Island. Canada*s smallest prov- 
ince and the one most heavily dependent 
on oil. about half the rural homes are 
now heated with wood. The govern- 
ment's Forest Industries Renewable En- 
ergy I*rogram, begun in 1978 to encour- 
age the wood products industry to 
replace fossil fuels with wood wastes, 
had such a successful first three years 
that It was extended through 1986 and 
its budget was tripled to $288 million- 
Canada's $30-million wood energy re- 
search program is focused on displacing 
10 percent of fossil fuel use bv the year 
20(M),<' 



India and the United States now 
burn approximately equal amounts 
of fuelwood. 



In the United States, the derisioms of 
miUions of homeowners ;ind scores of 
companies are spadcing wood energy*s 
revival. After falhng from 75 percent in 
1870 to 2 percent in 1973i wood's share 
of national energy use is now up to 3 
percent and climbing*^ In 1982. indus- 
tries accounted for 60 percent of wood 
energy consumption: homes and small 
businesses burned the rest. Although in- 
dustrial wood energy consumption has 
been rising for decades, it is the use by 
homeowners that has changed dramati- 
cally. Since 1973 wood energy use in the 
residential sector has more than dou- 
bled,'* Annual saies of residential wood 
stoves increased ninefold between 1972 
and 1979 and two million stoves for 
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home heating wtTO purchased m 1981 
atone.'* Americans colleciivcly burned 
over 48 million ions of wood in their 
homes in 1981— equal in end*use heat- 
ing value to nearly 100 million barrels of 
oil^^ (See Fi({ure 8-L) 



B^^tween 1973 and 1981, Vermont 
residents halved consumption of 
home heating oil and tripled their 
burning of wood* 



Wood's reentry into the US. home 
heating market is strongest where the 
fuel is abundant and where other energy 
sources have risen greatly in price. No 
region h<.iter exemplifies this than New 
England, where 80 penentof the land ts 
forested and where the price of fuel oil 
— the most widely used home heating 
fuel— has jumped 240 percent over the 
last decade. Between 1973 and 1981* 
Vermont residents halved their con* 
sumption of home heating oil and tri- 
pled their burning of wood.*' (See Fig- 
ure 8-2.) In 1980 alone. $48-million 
worth of petroleum was saved and, since 
wood is a local energy source, its use 
increased local employment and in- 

M ill toil 

l(M) 




1905 



1970 



1975 



1980 



rigyrc 8«L Refidentifll Wood Use (ii 
Equivalent Barrett of Oil). IMS^I 




1960 



1970 



1980 1985 



Tigim ^t, Ufc of Oil Mtd Wood for Hoom 
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come. Ahhough the pace of fuel switch- 
ing no doubt will slacken over the com* 
ing years, if these general trends in oil 
consumption and wood use continue* 
wood may rival oil as the state's leading 
residential fuel within a decade. 

Industrial use of fuelwood has long 
been dominated by the forest products 
industry. Recent progress toward 
greater self*sufficiency in this energy- 
intensive industry is impressive. Bark, 
pulping wastes, and wood chips now 
supply about half ihe US. pulp and 
paper industry cnergv*-equal to about 
125 million barrels of oil annually— 
while the solid*wood products industry 
(making plywood* cabinets* pallets* and 
so forth) is now about 70 percent self- 
sufficient. Many of these companies are 
supplying power to nearby communities 
and industries^ The Scou Paper Com- 
pany cogenerates 30 megawatts at its 
Westbrook* Maine* plant and sells the 
surplus electricity to the local utility. 
Paper companies in Sweden are obtain* 
ing 60 percent of their energy from 
wood residues; those in Canada, 45 per- 
cent. 'Iliese figures should keep rising as 
more firms find that extracting energy 
from their own waste matter makes eco- 
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Wood iuci is iKiw dttriKung oilier in- 
dustries as wt*IL B> late 1985, iit least 8 
prujcrts gencratittg over 10 megawatts 
ofcltTlririt^ extltisivcly from wood will 
be on line in tioti-tore^t-products com- 
panies in the United States, (See I'ahle 
8-2 J By the end of the decade this nuni- 
ber will easily exceed 25, Industrial fill- 
ers are heiitg Tired with scrap troin turni- 
ture-makers, waste wood from pulp 
milU, residues from the forest, wood 
(hips front btnd-cleanitg operations, as 
well as harvest!^ from private forests. 
Proctor and Gamble spent $30 million to 
ranvert its large Staten Island, New 
York, plant from oil to wood in 1983 and 
expec ts energy ^a^ing£ of $3 million a 
year. Dow C^oming Corporation* a lead- 
ing tnaitntafturei of i^ilicon products, 
began cogenerating elcrtricity and 
steatn at its Midland. Micltigan. plant itt 
December 1082. Although the iaciliiv 
can burn wood, oiL natural gas* or coal 
(with modifications), wood \s the ceo* 
noniical choice for the eighties, Oow 
Coniing is meeung all its own energv 



necdif and selling between 1 and 2 mega- 
watts of electricity to Consumers Powcn 
the area utility,** 

Where conventional fuels are expen- 
sive and wood suppliers abundant, elec- 
tric utilities are also finding fuelwood an 
attractive alternative, A subsidiary of 
Washington Water Power Company is 
nearing completion of a 4G-megawatt 
wood-fueled plant in Kettle Kails that an- 
nually will burn about 450,000 tons of 
wood waste from surrounding lumber 
nulls, Vertnont's Burlington Electric De- 
partmentr which already has retrofitted 
two 10-megawatt coal units to burn 
wood, plans to have a 50-megawatt 
wood-fired boiler operating in early 
1984. The half-million tons of wood 
chips consumed annually will come from 
privately owned forests within 50 miles 
of the city, Ultrasystcms, Inc. of Califor- 
nia is pioneering the development of 
small electric power plants to be run en- 
tirely on forest residues. Two plants that 
will tie into northern California's utility 
grid are slated for completion over the 
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next two >cars iiiul the (.om|>finy phm to 
develop 20 oi' these plants nationwide 
over the next five years 

Wood-fired electricity generation is 
also betng |>ursued in developing coun- 
tries. In the Philippines, tlie lieany 
legume tree lencaena (known tliere as 
the ipiUipil) has heen planted on some 
15.000 hectares ofshallow* infcTtile soiU 
to supply wood to power plants through- 
out the island nation. Several of the 17 
plants initially planned are nearing com- 
pletion and at least two wcreex|>c<tc^ to 
be operating by late 1083. About 1>200 
hectares of teucaena are needed to sup- 
ply each 3-megawatt power plant with 
j'nel on a i$nstainablc basis/llie trees are 
planted and farmed by rural ramilics, 
many of whom now have steady incomes 
lor the hrst time. Each hectare annually 
produces wood equal in energy content 
to 20^25 barrels of oil — at one-fonrth 
the price. With about six million hec- 
tares (20 percent) of the country's land 
area now dentided* there is ample room 
and reajfon to expand these planta- 
tions.** 

Wood's resurgence as an energy 
source is owed in large part to new tech- 
nologies of harvesting and processing it 
for fuel Mechanized w hole-tree harvest- 
ing, unlike traditional logging, removes 
not only the commercially valuable bole 
of the tiee but its leaves and branches; as 
well Residues formerly left as slash in 
the Torest are ihm available for fuel. In 
Just minutes, whole-tree chippers can 
convert virtually all parts of a tree into 
wood chips that can be easily tran- 
sported to a waiting wood-frred boiler 
As shown by Proctor and Gamble'^ plant 
in Staten Island* no longer must a com- 
pany be surrounded by forests to fuel its 
boilers with wood. 

Also, ill the last few years wood pellets 
have increasingly moved from the re- 
search lab to the marketplace. 'Ilie pat- 
ented pelletizing process yields bite- 
sized bits of wood (or other biomass) 



that are denser drier, and thus cheaper 
to tmnsport than other wood fuels. Since 
converting boilers fn>m coal to pellets is 
typically quite easy, pellet-producing 
companies see a large market ahead in 
fueling industries, schools, hospitals, 
^nd other institutions, as wetl as in heat- 
ing homes. At least a dozen plants are 
now making pellets in North America. 
BioSolar Research and Development in 
Eugene, Oregon, and Shell-Canada are 
Jointly building these plants in several 
Pacific Rim countries, expecting a siza- 
ble market where oil import bill^ are 
high,*^ 



No longer must a company be sur- 
rounded by forests to fuel its boil- 
ers with wood* 



Burnhtg wood for fuel is not always 
environmentally benign. As demand for 
fuelwood continues to rise and emerg- 
ing technologies tnake logging of small 
tracts and noncommercial wood more 
economical, the character and health of 
forests may change. In the United States, 
more than half the commercial forests 
are owned by nearly eight mUlion private 
landowners. Many have never managed 
their forests for commercial purposes 
but may j;oon have an incentive to do so. 
The 50-megawatt power plant in Burl- 
ington« for example, may double the 
wood harvest of northern Vermont. Fuel 
for Dow Coming's Michigan plant will 
come from private forests within 50-75 
miles.*' 

Foresters anticipate both benefits and 
problems in this situation. On the one 
hand, selective thinning and removal of 
old growth could increase the productive 
ityof private forests* something that for- 
esters have advocated for some time but 
that private landowners had little incen- 
tive to do. Yet whole-tree harvesting 
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technologies will remove more* biomaxs 
from the foresi and will encourage more 
clear-cutting. Leaves and twigs have 
high conccntratioas of nutrients that, if 
left in tile forest, revitalize the soil 
Removing too much biomass could 
eventually cause declines in forest pro- 
ductivity. As the wood energy market 
growst these potential effects must be 
monitored carefully and limits may need 
to be set on wood removal from some 
forests. 

Like most energy sources, fuelwood is 
not without its pollution problems. Win- 
ter mornings in many wood-burning val- 
ley towns are now shrouded in a bluish- 
gray lia/e. Wood-stove emissions 
contain a high percentage of organic 
matter thought to be toxic and carcino- 
genic, \Voo<t burning is now regulated in 
the state of Oregon and in some towns 
in Colorado and Montana, In other areas 
where sucli pollution is worsening, regu- 
lations undoubtedly will be forthcom- 
ing. Catalytic conveners efTectively con- 
trol wood pollutants and recoup part of 
their $80-100 price tag by increasing 
efficiencies by 15-25 percent. Pollution 
controls for industrial wood boilers gen- 
erally require a smaller capital invest- 
ment than a comparable coal plant 
would, but costs are not insignifiran*. 
The electrostatic precipitator that 
removes virtually all particulates at Dow 
Coming's plant added 15-20 percent to 
construction costs,** 

Although wood is unlikely to regain a 
place of dominance in the energy bud* 
gets of induj^trial countries, it is emerg* 
ing (IS an important component of the 
renewable energy picture in many re- 
gions. Neither the forest management 
problems nor the pollution control chal- 
lenges it poses are insurmountable. Be* 
fore the century is out, woo<rs contribu- 
tion to primary vnvrgy needs \$ likely to 
reach between 7 and 15 percent in sev- 
eral industrial countries, depending 
upon the success of energy plantations 



and the extent to which commercial for- 
ests come under more intensive manage- 
ment. 



Geothermal Energy 
Development 

Whereas most renewable fuel sources 
draw upon the sun's energy* geothermal 
energy comes directly from the earth's 
vast subsurface storeliouse of heat. In- 
tense pressure and tlie decay of radioac- 
tive elements deep within the earth con- 
tinuously generate heat that escapes 
through hot springs, geysers, and vol- 
canoes. The world's geothermal riches 
include the area where the mid-Atlantic 
ridge bisects Icelandi areas around the 
Mediterranean^ the Rift Valley in East 
Alrira, and the "Ring of Fire" that ex- 
tends around the Pacific Basin, Yet even 
outside these places* which constitute 
about 10 percent of the worid s land 
mass, there are abundant lower-temper- 
ature geothermal deposits.^^ 

For millennia people have flocked to 
hot springs, and by the ninth century 
Icelanders were using geothermal heat 
for cooking. In the Middle Ages several 
European towns distributed naturally 
hot water to heat homes. The 20 coun- 
tries tapping this source today for chores 
other than bathing cull the energy equiv- 
alent of 91 million barrels of oil each 
year, about half in the form of direct heat 
and half as electricity. Although not yet 
a major component of the global energy 
budget, this is enough direct heat to 
meet the needs of over 2 million homes 
in a cold climate and sufficient electricity 
for over 1,5 million modem homes. 

Heating homes is the widest appttca* 
tion of geothermal energy today. Since 
the turn of the century, the residents of 
Klamath Falls, Oregon^ have drilled 
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more than 400 wells lo tap the 40- 
llO' C water beneath their houses for 
space- and domestic water-heat tng. 
Household wells there have exchangers 
that transfer heat from the briny subter- 
ranean reservoir to the pure water cir- 
culating to the house. Using a heat ex- 
changer conserves the resource, 
minimizes corrosion, and skirts the 
problem of wastewater disposal.** 

Where human settlements sit astride 
geothermal resources> district heating is 
an unbeatable bargain. The most im- 
pressive example is lceland> whose im- 
mense geothermal resources provide 
heat for 75 percent of the population. In 
Reykjavik, the capital, nearly all the 112,- 
000 residents use heat from two geo- 
thermal fields under the city and from 
another Held 15 kilometers away. Visi- 
tors to this frigid city in the thirties recall 
the pall of coal and wood smoke that 
engulfed it in winter Today the air is 
clear, and heating homes costs one- 
fourth what It would if fuel oil were 
used.** France. Hungary, the Soviet 
Union^ and the United States also have 
geothermal district heating systems in 
place. 

Although geothermal technology has 
advanced far in recent decades* it is still 
the simplest uses that are the most popu- 
lar Japan's L500 hot-spring resorts are 
visited by 100 million people each year, 
for example, and re^juire no drilling, lit- 
tie piping, and minimal capital. Vet it 
would take five large conventional 
power plants to heat these baths. In 
parts of MexicOf people wash clothes 
with naturally hot water; some lliais and 
Guatemalans use it to boil vegetables 
and make tea. ^Phe largest agricultural 
application is greenhouse heatings In 
Hungary, geothermal greenhouses 
cover 70 hectares, while Italy saves 
$600,000 worth of fuel oil a year by geo- 
thermaliy heating several green- 
houses.^' 

This renewable re^ionrce is also tised 



in industry. In northern Iceland a miner- 
al- proee>;sing plant uses it to remove the 
moisture from siliceous earth. With 30 
percent lower energy costs* the company 
now pockets an extra $1-3 million annu- 
ally. At Brady's Hot Springs. Nevada, an 
onion dehydration plant using geother- 
mal energy is saving $300,000 per year, 
enough to motivate the company's 
managers to expand the original plant 
and build an additional one,^* 

Converting geothermal heat to etec 
tricity allows the captured energy to be 
transported to cities and factories far 
from its source. Areas with thehigh-tem- 
perature geothermal water or steam 
needed for electricity generation are 
rarer than those suited for direct use. 
Even sOi today over 130 geothermal 
power plants with capacities of 0.5-120 
megawatts are operating in more than a 
do7en countries, and the number is 
growing rapidly. (See Table 8-3J Collec- 
lively^ these plants have a generating ca- 

TabEe 8-3* Worldwide Geothermal 
Electrical Generating Capacity^ June 1983 

Total 





Power 


Installed 


Counirv 


Plants 


Capacity 




(number) 


(meg;] watts) 


United Slates 


24 


1.284 




14 


594 


lialy 


41 


457 


Japan 


8 


228 


Mexico 


10 


205 


New Zealand 


14 


203 


1^1 Salvador 




95 


Iceland 


5 


41 


Indonesia 


$ 


32 


Kenya 


2 


30 


Si)Vici Union 


1 


It 


China 


10 


$ 


Total 


135 





soVHf:i. Kotiafd tht^ippo. S<H)lhc3SterD Ma&^Chu- 
Jcir'^ I'nivcrsiiv, privuK Commiinicanoih Scpietn. 

bcr m$. 



mc 



162 



Dnteloping Rentable Energy 



Megawatts 
1200 T 




I960 1970 1980 mb 

Tipttt $*S. Electricity Gcncnted^if World'* 
UuTfCfl Geotberoul Project^ The Ceyim, 
California, 1960^ 

pacity of over 3*000 mcgawatis, 

'ITic simplest techttology for getiera- 
tttig electricity is the dry steam system 
us«l at steam-otily reservoirs. Four such 
systems are in operation: one commer- 
eta] complex each in Italy and the United 
States and two smaller systems in In* 
doncsia and Japan. Electricity genera- 
tion at these rare» prime sites is mainly a 
matter of piping the steam to ^ standard 
turbine. The largest complex is one at 
The Geysers in northern California, 
which has been rapidly developed in the 
last decade, {See Figure 8-3.) In 1983* 17 
power plants were providing UOOO 
megawatts of generating capacity for the 
Pacific Gas and Electric Compatty 
(PG&E)— about 6 percent of the utility's 
generating capacity, Vour other develop- 
ers arc aetive in llic Geysers arca» in- 
cluding the California Department of 
Water Resources* which uses the geo- 
therma] energy to pump water intc its 
state water projea aqueducts. Total 
generating capacity at Tlie Geysers from 
the wells of all five developers may reach 
2.500 n^egawatts before the century is 
out,** 

More common are goothermal reser- 



voirs that contain both steam and water. 
Plants that tap this less idea! form of geo- 
thermal energy are found in at least ten 
countries* though many of the projects 
are still experimettal. One of the most 
successful facilities, jn Wairakei* New 
Zealand, has operated continuously 
since the mid-sixties. Electricity genera- 
tion declined at this I90*megawatt plant 
at first, apparently because water was 
being extraaed faster than it was being 
replaced. However* generation has sta- 
bilized since the mid-seventies,** 



Over 130 geothermal power plants 
are operating in more than a dozen 
countries^ 



A major boost to geothermal develop- 
ment will occur when generating plants 
can use these more abundant geother- 
mal resources. Conventional "separated 
steam'' facilities use the naturally avail- 
able steam alone to nin the turbines. 
More-efficient "double flash'* plants di- 
rect hot water brought to the surface to 
a vessel where pressure is reduced and 
additional steam generated. A recent in- 
novation — the binary' eycle p!ant*-al- 
lows efficient electricity generation 
using lower-temperature water (between 
150-200* C), Pilot plant tests in China* 
Japan, and the United States indicate 
that this promising design needs more 
research and operating experience, how- 
e *r, Geothermal cogeneration — using 
the same energy for both electricity gen- 
eration and direct thermal use^^an also 
increase efficiency,'' 

Improving the means of locating and 
drilling for geothermal resources would 
speed the pace of development of this 
energy source. Many industries and cit- 
ies undoubtedy sit atop hidden geother- 
mal resources that could provide them 
with relatively eheap energy. The dril- 



163 



State of the World— 



ling o( wells often accounts for more 
than hair the cost of some geothermal 
projects. Exploration and drilling relies 
on techniques similar to those used in 
natural gas development and improve- 
mettts should reduce costs, rhe sophis- 
ticated remote-sensing techniques de- 
veloped by petroleunt geologists are 
being adapted to geothermal energy 
prospecting. This should lower costs* 
tliough by exactly how much is hard to 
predict. 

Impurities such a*i salts and silicates, 
picked up from subterranean rock by the 
hot circulating water, typically cause 
sruliitg and corrosion at geothermal 
pbuts. Moreover* the materials that cor- 
rode or sQle the inside of a geothermal 
system often become pollution outside 
it. Hydrogen sulfide, a noxious gas 
found at almost all geothermal sites, is 
occasionally concentrated enough to 
cause lung paralysis, nausea* and other 
health problems. Pollution control de- 
vices developed for use on coal plant 
emis.sions can remove approximately 90 
percent of the hydrogen sulfide* but so 
far only The Geysers plant in California 
and a few others use them. As the cost of 
the devices would constitute less than 10 
percent of the overall system* expense is 
no excuse for this lapse; geothermal 
plants need not become major polluters. 
Surface water supplies also must be pn>- 
tected from mercury, arsenic* and other 
substances often dissolved in geother- 
mal water.^* 

Like all renewable energy sources, 
geothermal energy will not flourish with- 
cnii amenable institutions. Governments 
could help by conducting broad prelimi- 
nary assessments to indicate where pri- 
vate industry should focus its efforts. 
Most countries with major development 
programs^ including the Philippines and 
the United States, have begun such sur- 
veys, tliough few are as extensive as they 
might be.^^ Also* rhe uncertain legal sta- 



tus of geothermal resources inhibits de- 
velopment. In most market economies it 
makes sense to follow the petroleum 
model, giving the priva*.e sector primary 
responsibihty for developing geother- 
mal energy but standardizing leasing 
procedures and charging the industry 
royalty fees if the government owns the 
resource*^* Governments may also need 
to set requirements on plant size and 
pollution levels to ensure that geother- 
mal developments do not harm the envi- 
ronment and that they preserve other 
land values. 

One approach to risk-sharing taken in 
France, Iceland, and the United States is 
for the government to reimburse some 
proponion of the cost of exploratory 
wells. In Iceland, an Energy Fund pro- 
vides loans to cover 60 percent of^ex- 
ploration and drilling costs. U the well 
IS successful, the loan is repaid at nor- 
mal bank rates using the proceeds from 
the project. If it is clry* the loan 
becomes a cash grant and the project is 
dropped.** 

Prospects for geothermal energy are 
bright. Its use has expanded more than 
10 percent per year since the mid-seven- 
ties; in the two years leading up tojune 
1983* worldwide capacity rose by 26 per- 
cent. Reliance on this source i^ likely to 
increase five- to tenfold by the end of the 
century* with direct heating playing a 
greater role in the industrial countries 
and electricity generation being more 
important in the Third World.** 

Esttmaies vary greatly on how quickly 
the direct use of geothermal heat will 
grow. France* which has low-tempera- 
ture geothermal resources below two- 
thirds of its land area, aims to have a 
half-million geothermally heated homeb 
by 1990- Canada, China* Japan, the So- 
viet Dnioiit and the United States could 
also exprfid the direct use of geothermal 
heat diamatically. Through China's na- 
tional exploratory program, approxi- 
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nmvly 2.300 h^t <tpots Inivo bvm idcii- 
tificd^ and geothcrmal oxpcris expect 
r*" cotiniry lo move rapidly in its devel- 
..,nt of direct g<x)(hermalhcat. Much 
of the Soviet l^nion sits aiop low-tcm- 
pcraturc gcothcrmal deposits^ and sev- 
eral district heating project^; are under 
way.*' 

Geothermal electricity development 
could add up lo 1 7,000 megawatts by the 
year 2000 — five times the current level, 
'rhe United States is likely to account for 
one-third of thin total Energy analysts in 
Hawaii estimatcthat geotherma! source* 
could supply 1,000 megawatts of that 
state's electricity by century's end — one- 
third or niote ot Hawaii's total projected 
elt^ctricity supply. Some 20 potential 
siteK throughout the islands have been 
identified. .>pemtig up the possibility of 
an interisland electro table,*^ 

ITie Phihpprnes has nearly 600 mega- 
watts of geothermal getterating capacity 
today and plans to double this by 1989. 
Eventually geothermal energy will rival 
hydropower as ihat country's largest 
electricity source, Kenya* the only Afri- 
can nation now generating electricity 
with geothenital energy, his doubled its 
uistalled capacity in the last two years. £1 
Sakador has generated one-third of its 
power from geothermal energy in some 
recent years, and Mexico plans to have 
two megawatts of geothermal capacity 
by the mid-eighties.^* 

By any souttd reckoning* geothermal 
energy use will be substantial in the year 
2000* though it will remain concentrated 
in a few areas. Cotintries such as Iceland 
and the Phihppines will draw heavily on 
their rich geothermal endowment. And 
as the technology for tapping geother- 
mal resources impro\ es and some indus- 
tries relocate to geothemially rich re- 
gions, many uiv>re cotmtrics will rely on 
this renewable resource. It will gradually 
become another strong hnk lu a diverse 
global energy system. 



Electricity from 
Sunlight 

Solar photovoltaic cells may become one 
of the most rapidly expanding energy 
,sourc<.'S — atid one of the biggest growth 
utdustries — of the next 20 years. Produc- 
tion of these ceUs has nearly quadrupled 
since 1981. and worldwide sales totaled 
approximately $250 million in 1983, 
After a decade of being considered a fu- 
turistic solar energy prospect* photovol* 
taics are now entering the eommercial 
marketplace with a full head of steam,'*^ 
Phciovoltaic cells are a product of 
modern <;olid*state physicsr and they di- 
rectly convert sunhght, the world's most 
abundant and widespread renev/able en- 
ergy soarcer into electricity. Photovol- 
taic cells are rirtually maintenance-free 
and are made from silicon* the second 
uios( abundant element in the earth's 
crust p The first silicon cells, developed in 
the United States in the fifties^ were ex- 
pensive — seveial hundred times the cost 
of conventional electricity sources. But 
the need for a lightweight and long-last- 
ing power source for the space program 
helped rescue photovoltaics from obscu- 
rity. By the late sixties, U,S, companies 
were producing enough solar cells to 
power virtually all U.S, satellites* provid- 
ing vital defense, scientific* and research 
services. 

As fossil fuel prices rosu in the seven- 
ties, solar celb became a much more at- 
tractive energy source; researchers in 
<;everal European countries, Japan, the 
Soviet Union* and the United States 
began to develop solar cells for use on 
earth. Major advances in the efficiency 
and rehability of photovoltaic cells have 
be*rn made in the last decade while c^. A'i 
have fallen t< a smp.i! traction of their 
earlier level. 

Current uses for solar cells are quite 
diverse, though they have proved most 
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popular in i]])])l]<<tti<>iis lor wlnrh con- 
ventional energy sources are hnpractical 
or simply not available, A large share ol' 
photovoltaic systems are used at remote 
communications iitstallattons^ for water 
pumpingr ana at isolatal hotises. Other 
solar coll applications range from p<»rta- 
ble modules that are popular on hoats 
and train cabooses to larger systems lor 
isolated mountain cabins and scientific 
research stations. Although most of 
these are still expensive, particularly 
since they normally re*)uire bauerieSr 
they are usually cheaper than the alter- 
natives. Also growing in popularity since 
1980 arc solar-powered hand calculators 
itn<l other ))ortable electronic devices. 
About (>0 million solar calculators were 
sol<l in 1083* using over 10 percent of 
the solar tells manufactured.*' 

Approximati-ly 00 companies now 
manufacture solar cells in 20 different 
countries, 'I1ie United States still holds 
60 percent of the worf<lwide market . but 
other nations are gaining ground ra- 
pidly, Japan has the fastest-growing in- 
dtistr} and now has a 20 percent market 
share. The rest of the industry is cen- 
icrt^d mainly in tUirope* led by France*, 
liuly* and West Germany. Countries with 
smaller photovoltaic industries include 
Australia* Belgium. Brazil Canada^ 
Chtnaf England* India. Mexico, the 
Netherlands* the Soviet Union. Spain* 
and Sweden.** Worldwide ])roduction of 
photovottaics is generally meastit'^d by 
the kilowatts of peak capacity that the 
solar cells can generate. The manufac- 
ture of phoiovoltaics has grown 75 p*^r- 
teiu annually, from 500 kilowatts of 
peak-power capacity iti 1977 to an es- 
timated 18.000 kilowatts (18 megawatts) 
in 1983— over 100 times as much as 
when the space program was at its 
height. (See hgure8-4,) The solar cell 
industry is currently one of the world*s 
boom industries, and so far its growth 
rate shows no sign of slowing,^* 

Cost reduction is the key to solar el< 
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tricity^s future role. Solar cells have fol- 
lowed a remarkable cost curve* with 
costs being at least halved every five 
years. Although actual average prices 
liave not fallen quite as steeply as U.S. 
energy planners had hoped* they have 
declined from nearly $20 per peak watt 
in 1977 to $8 in late 1983, (See Figure 
8-3.) Balance-of-system costs add $5-10 
to the cost of a typical photovoltaic sys- 
tem. Commercial solar celts generate 
power for between 50(^ and $1 per kilo- 
watt-hour* ten times the typical price of 
grid electricity in industrial countries.*** 
Solar cells are expensive for a number 
of reasons: energy-intensive processing* 
large labor requirements (including the 
meticulous hand-assemhly of cells)* and 
extensive supporting components. 
Costs will be reduced by half simply by 
developing less-expensive methods of 
manufacturing the single-crystal silicon 
cells that currently dominatethe market. 
Similarly, the efficiency of these cells can 
be raised from 10 percent up to 15 per- 
cent. Another cost-reduction strategy Is 
to develop any of several promising 
next -generation solar cells* such as 
amorphous silicon* that are likely to be 
cheaper to produce. The main challenge 
is to obtain efficiencies of at least 8-10 
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percent using materials that lack the in- 
herently good photfA'oltaic properties of 
crystalline silicon. CoinnuTcial produc- 
tion of ainorphotjs cells began in Japan 
in lf)82atid in the United States in 1983. 
Some aiial>5ts think the> will sweep the 
market by 1990.5" 

larger inanitfactttring platUs employ- 
ing more-advanced and less-expetistve 
processes are schcdtded to come on-liix 
in 'he next few vears, ami itUense inter* 
naiiotul competition for market shares 
is already helping to push prices down. 
By 1900* a total solar-electric system will 
cost between $4 and $8 per watt and 
generate eleclricit> at a cost of between 
and 30(F per kilawatt-hour. This is 
getting close to the price consumers pay 
(or electricity in many parts of the World, 
including Kttro]ie and Japan. Further re- 
ductions are hkeh after 1990. Simethe 
costs of most eleclrif it) sources* mchid- 
mg coal and nuclear power, will con- 
tinue to rise, *iolar ceils should be a com- 
petitive f^iectriciiy source in all but a few 
areas of the world by the mid-nineties.** 



Besides olTeHng the prospect of in- 
expensive power placing solar^electric 
systems on residential and industrial 
rooftops allows greater energy indepen- 
dence. In addition to the approximately 
1 0,000 solar-electric residences cur- 
rently in remote ari'as such as Alaska and 
the Australian outback* architects and 
engineers are designing photovoltaic 
homes connected to electricitv grids in 
modem suburban communities* Excess 
electricity from residential photovoltaic 
systems is sold to the local utility, while 
the homeowner relies on the utility's 
power when the sun is not shining. Sev- 
eral photovoltaic homes have been buitt 
in the United States in the early eighties 
and have been successful, albeit quite 
expensive so far. Communities in all but 
the most overcast climates should even- 
ti>:^ily Ik' able to obtain at least one^quar- 
ter of their electricity from rooftop solar 
syMems.** 



About 60 million solar calculators 
were sold in 1983, using over 10 
percent of the solar cells manufac^ 
tured* 



rhe question of which use of solar 
electricity will prove most economical 
and popidar in the future is still open to 
argument. Advocates of centralizes! 
solar power cite the economic advan- 
tages of large photovoltaic systems, 
since one set of power lines and control 
devices can serve a large installation. 
The U.S. Department of Energy 
financed a number of large photovoltaic 
projects in the late seventies, including a 
225-kilowatt solar power project that 
provides electricity for the Sky Harbor 
Airport near Phoenix* Arizona* Soleras, 
the first major photovoltaic project in 
the Third World, was installed in Saudi 
Arabia in 1981. It generates 350 kilo- 



167 



Statf of the i!V>?W— 



^ciUs oi soldi |><>Vkri toi tliirr vilLigos, 
tnocntig the de<trnit\ needs of 3,600 
people,^* (Sec 'lahlc M.) 

In tliere ^as a hlossomtng of 

laij;e soLn-electru projects, I'he first 
pinateh funded plioto\oltaic powei 
plant, hnilt by AR(1(> Solar, In*., ^^ds 
completed in sotuhein (Mlifoiiiia in Feb- 
ruary 1^)83, Made po^Mble by the siate*s 
solar t<ix Credits, the I -megawatt project 
feeds power ntto the lines of the South- 
ern (ialifoniia Kdison Company. Kdi- 
son's (California rival in the alternative 
energy business, the l^acifie Oas an<l 
Klectrtc Company, now has a 16.5- 
mej>awatt photovoltaic project nntler 
wa\, llie Sacramento Mmiicipal Utihty 
District (SML'D) has begun work on a 
lOO'inegawatt photovoltaic power plant 
— b\ lar the world^s largest — scheduled 
for completion by 1094 at a total cost of 
o\er S250 million, tlarly in 1083 ARCO 
Solar was awar<)ed a contract to com- 
plete die initial 1 -megawatt phcbie of the 
SMrn projett for $5 a peak watt, a re- 
cord low. H\ the laie eighties, this pr<*- 
Jeit alone tould install as many solar 
cells each vear as were produced world- 
wide' in hm.^^ 



japan began operation ofits first solar 
power plant, a 200'kilowatt facility, in 
late 1082, Solar panels arc still being 
added to it. and when it is complete m 
1086 it will have a total Capacity of 1 
megawatt, Japan's New Energy Develop- 
ment Organization, the principal funder 
of this plant.^ has several other projectjs 
111 the works, mcltiding a 200-kilowatt 
experimental system for a Japanese uni- 
versity,^* 

llie European Economic Community 
and individual European countries are 
developing 20 photovoltaic demonstra- 
tion projects. The five largest will be 
completed in 1084, Italy's 1,150-kilowatt 
gov'''^ *incnt-fnnded Delphojs project 
was the world's largest operating plant 
in 1083^ In West Germany, a 300- 
kitowatt plant is being installed on the 
island of Pdlworm by AEG Telefunken. 
the country*s leading photovoltaics com- 
pany. I he project will meet all thepower 
needs of a recreation center, and excess 
electricity will feed into the utility grid. 
In 1983, 100-kilowait photovoltaic 
plants were completed in Denmark, 
Greece, and Spain.*^ 

Although much of the progress made 



Table 8^. The World 


Twelve Largest Photovoltaic 


Projects, 19aS 


Pr<>je( I 






Kx]>c< icd or ,Actual 


or Sponsot 


Location 


Sue 


Completion Date 






fkilovk-aiis) 




SttcraiiKiMo Miini(. l iiliix 


(]a 111 or ma 


lOO.OOO 


1004 


I'nite^l Eti<T^\ ('orpoinnon 


(Tall forma 


20.000 


1084 


V:\a(\c Gas S: VAvc. Co. 


California 


10,500 


11)85 


I'niied Knoij;\ (,or|>or;inon 


(Talifornia 


MMKm 


1084 


lHlplio\ 


Iiab 


1.130 


108.H 


ARCO Sokir 


(Uhfornu 


I.OOO 


1083 


NKIX) 


Japan 


1.0(H) 


1086 


Sc>kia\ 


Sau^i Arabia 




mi 


AE(j "1 oidimkou 


U'esi Gcrnianv 


liOO 


1983 


r.S. Oepartnu'in of En<rvj;\ 


Ark^ni^a^ 


245 


108: 


l\S. Departinont ol K«ierg\ 


Ari/otia 


225 


1082 


Solartx 


Maryland 




1082 



168 



111 pliciiovoli.iK s sci j.n I1.1S \>vcu 111 nicltiw 
trial cotimrit.^. ihv I hinl World may m - 
tually gain the most from solar c!ci trie iti 
o\vT ihv uvx\ ivw dotadcs. Mom tillages 
M<\ rtinil areas m dcvdopiiif^ anintrics 
stilt lacka(.<c%sio<t M(Md> siippli of cloc- 
tiicin^ nwd m iitio powi^ is tisualh 
inoro ox|K7iMio than 11 is in tlio iiidtis- 
trial Korld/l hcduMiii of cxtctiding loii- 
tr;il j^rids into the "htart of darkness'' 
hiis faded hi the fjee ofinoniithi}; dcbt?f 
and ihe risnig (o%t of vast networks oi 
pcjwei lines. 

Ihe most (onniion eleitiuiii sonue 
in inosi I itiagt.'s todai is a diesel ^^enera- 
toi . Hnt the%e ore nnreliable ;ind expeii- 
sue — het^veeii and $1 per kilowatt- 
hour — iiiani uiiies tnoie than typical 
ek'ttruui pri<es in tiidnstrial (Otiiiuies. 
Photoioltak SI stems are re1;ni\ely 
inaiiiteiiiitice-fiee. and if solai (ell priies 
tail 30 percent or inoie iit the next fiie 
\eat%, as expeded. solar power will he* 
(Oine efoiioiniial for mo%l lillage eh^^ 
nu'iti :ip]>li(.anonv hi uuni> iil1;ige%. 
phoio\'>liaic s iire jlreadi an eiotioiiiual 
»va> to run relr iterators, coinnumiea- 
ttons s>steni%, television sets, lights, and 
nulls. Water pnniptng is a partiailarly 
good iLse c*f *olar elettritili, siiue stiit- 
light IS nsnalh available when water is 
most needed. In ihe Hiird World, jiist a 
few hinidred waits of |>'awer — tiintusc ule 
hi indiisirial tMlioTi standards — can pro- 
\t<le hasic amenities for the first tiiiie.^" 

Ciilrrnd\ oin \H) pereetit of the 
world's solar (ells are prodiuxxl in iiidtis- 
tiial uaiions. htit in;niy developing eoun* 
tiies will 0011 hegiii production. \U>^{ 
h.iie entered the pliotoioltai<s busiiK*ss 
till ongli joint \eiitnres wiJi e%tahltshecl 
companies aruliit firsJ dooiiti pan of die 
niainif'actnring at home. A.i ornnd-M)8!^ 
there were ill least eight lonniierc ial solar 
cell roinpaiiie.s in tlie lliiid World; a 
hall'do/en additional (.otintries will soon 
have indigenoiis industries. Iwo Brazil- 
ian eonipaiiies have joint lenuires in 
Ken va and hulta. and the goi eminent of 



Pakistan IS planning to introduee solar 
electiieityin 14 villages hy 1984,"** 

Two small I'.S. eoinpanies. the Spire 
(>orporatioii and ihe Chronar Coq>oia- 
tion. are helping to create photovoltaic 
indnMries in the Third World hi export- 
ing iiianul'aetnring equipment. In early 
]9Hl^ (^hronm iigitt.^ a foiniaei with 
MoHHio to huild a photovoltaic fat toiy. 
The plant, which will he eomplett.^ in 
1984 for $6 million, will manufacture 1- 
megawatt worth of solar cells per year 
initially an<l 20 megawatts of eells aiinii- 
alh in a lei y(.^irs. A number ol oiIkt 
(Oinitiies — hgipt. Kuwait, and the Phil- 
ippines — lire nnderstatidahl) iiiipr(.^sed 
atid are negotiating with Chrc*n;tr to pur- 
chase factories of their c*wn.^'* 

Some eountrit.^. inchtding Fraiue, the 
I'liited States, and West (jermany. stip^ 
port pliotovohaies through their foreign 
aid programs. Since the mid-seventies 
Fiatue has had major programs under 
wai toiuMall solar-power(.Hl puntps and 
teleiision sets in West Africa/Hie televi- 
sion sets, mixhfied to require as little as 
120 watts of power, hriuf; ed>uatif)nal 
programs tc* peo]>le in remote areas at a 
reasonable (O.St, lite Ageney for In- 
ternational De'ielopment installed eight 
spe( lalli designed solar-powered vac- 
cuie refrigerators at rural health centers 
in 1982 and has another doyen Miiall- 
seale projects under way.^* 

One of the more aitdntiotis plans for 
photovoltau I is to pn>vide electt icity for 
whole \illages> Hie first experimental 
lillage system was installed on die 
Papago Indian Reservation in Arizona hi 
1978- Since ilieii its 3.5 kilowatt* of cells 
have run water pumps, lights, refrigera- 
tors, and coiumiinal washing and sewing 
mac hiues for the village's 96 residents. 
wli<* pievicxisly had 110 electricity, A 
niudi larger, 25-kilowatt system in- 
stalled in a rnnisiaii village in is 
pimtping water, providing power for ag- 
ricultural tasks, and meeting household 
needs. l'tious;mds of village sc^lanelee- 
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trie syslrriis (otild hr tii list by 1990, For 
ihis to occur howc\tT, govcrtitiKmsatid 
hucrtiaiioital aid agcticics must arratigc 
mtiovativc finaticing. One thitig they can 
do is to use agricultural extension scr- 
vi(.cs and Mibsidi/ed loans to emotirage 
the tisc of solar pumps and mills,^^ 

AlihotifiiK solar cells arc* still oue of the 
most expensive renewable energy 
sources, they are also advancing the 
most rapidly. Based on recent industry 
trends, phbtovoltaics should begin re- 
pbnnfii most diesel generators and be- 
come the largest new source of electric- 
ity for villages in dt»vclopiiig countries 
within a few years. And with utilities tak- 
ing; the leadt centralized photovoltaic 
power stations could become a wide- 
spread electricity source in many indus- 
trial regions by the late eighties. By the 
carl> nineties, rooftop solar-electric sys- 
tems should begin to catch on, 

Worldwide annual prodtif tion of 
photovoltaies is likely lo exceed 200 
megawatts of capacity by 1990 and pass 
1,000 megawatts hj the end of the cen- 
tury, I1iis will make the photovoltaics 
business a $10-billion industry by the 
year 2000, Total installed solar-clcctrtc 
capacity will probably be between 5,000 
and 10.000 megawatts by century s end, 
Ahhough this will supply Just a small 
fraction of the world*s electricity^ it will 
set the stage for widespread introduc- 
tion of solar electricity. By ihe middle of 
tlie twenty-first century, phoiovoltaics 
ma> be providing 20-30 percent of the 
world's electricit> and serving as a cor- 
nerstone of a sustainable global power 
s\,stcni,** 



Encouraging 
Developments 

Diversity is a hallmark of the renewable 
energy developments of the past decade. 



With more than a dozen renewable en- 
ergy sources being explored in a variety 
of settings around the world, the occa- 
sional f:i;jed project or neglected oppor- 
iunit> docs not jeopardize overall prog- 
ress. In a time of scarce capital and high 
interest rates, spreading ihe risk inher- 
ent in developing new energy sources is 
clearly a benefit. Modern communica- 
tions have permitted the rapid dissemi- 
nation of information among research- 
ers and entrepreneurs, accelerating 
renewable energy development far be- 
yond the pace that would have been pos- 
sible in a previous era, 

I1iis chapter only hints at the literally 
thousands of technologies and concepts 
being tested by individuals and compa- 
nies around the world. Joining wind 
power, fuelwood, geothermal energy, 
and photovoltaic systems in the progress 
of the past decade are small hydro- 
power, passive solar design, active solar 
heatingt solar-thermal electricity gener- 
ation, and liquid fuels from biomass. For 
renewable energy* the oil price rises of 
the seventies had a catalytic effect* 
stimulating a tremendous surge of inno- 
vation that has far from run its course. 

Much of the progress in renewable en- 
ergy IS not apparent to those who 
conitne their energy studies to the analy- 
sis of aggregate energy statistics* where 
many renewable sources do not yet ap- 
pear at all, (Until recently^ for example^ 
the Department of Energy did not 
include residential fuelwood use in its 
statistical reports* although it ranks as 
the country s founh largest heating 
fuel,) Yet the progress to date estab- 
lishes a fimi base for development. Even 
without further oil price increases, many 
renewable energy sources are economi* 
cally competitive. 

One sign that renewable energy has 
come of age is that conferences on the 
various technologies are now frequented 
by businesspeople and bankers talking 
about venture capital and ''buy*back 
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mtcs'* a.s well as xvi Imica) \pc(tfuatK>tis. 
Ncuslcucrs art' published ior those m- 
ItTcsied in renewable energy jnvcsi- 
mcnt: solar stock indites are available 
for ihosc who waul l/> keep track of iheir 
luvesnncuts. ropilighi scietitiM.s and en- 
gineers arc involved in many of the re- 
search programs. Renewable energy is 
losing some of its countercuhure intage, 
though it is siill strongly supported by 
many environmcnuli.sts> community 
leaders, and consumer groups who favor 
renewable energy for its tntvironntenlal 
and social advantages. 

In order to flourish^ renewable energy 
develojiment ntmt be integrated with 
existing iusiittitions* Only then will 
onotigit tramed people and sufficient 
iundtng be available for long-term de- 
velopment. ()ne of the encouraging 
trends of the early eighties is the ctea- 
timt of a variety of nongovern menial 
mechanisms to facilitate this. Most 
prominent are tho **third part\'^ devel- 
opers in the I'nited States who construct 
wind farms, wood-fueled power plants, 
and thr and sell the power to luih- 
lies. *v tax credhs, these outfns 

are i.u.^astng the investment funds 
^ivailable for s<>me renewable energy 
sottrtes and are stimulating new indus- 
tries to build and service the equipment. 

Dozens of commumlies around the 
world bavr taken the initiative to de^ 
velop ilieir own renewable energy and 
tonservatton plans. Thi.s approarli helps 
bypass the barriers posed by existing in- 
stitutions that are reluctant to try some* 
thing different— often the chief problem 
in getting a now energy source estab* 
lished. Energy programs in which In- 
dividuals assume mnch of the responsi- 
bility for needed changes have generally 
proved more sucres.sfnl than those run 
by distant bureaueratis. 

Most I'hird World countries already 
rely heavily on rettewable energy but the 
difficulties they face in using it on a sus- 
tainable basis are considerable. Renew- 



able resources are eroding at a frighten- 
ing rate in developing countries, and the 
technical expertise and financial re- 
sources needed to adapt or develop new 
energ>' technologies are often lacking. 
Mobi)i7ing people and channeling avaU- 
able funds to productive use depends on 
a redirection of institutions. The com- 
munity ''oresiry program in South Korea 
andthebiogas program in China are two 
examples of how properly harnessed 
efforts can accelerate the development 
of renewable energy while helping pre- 
ser\e a eouniry's resource base. 

No energy transiticm unfolds over- 
night. Switching from wood fuel to coal 
during the Industrial Revolution took 
most countries a rentury or more, and 
several decades were needed for oil and 
natural gas to take hold The key to a 
viable renewable energ)'-based future is 
that the world manage the '.ransition 
gradually — phasitlg in new fuels before 
the old ones run out and simultaneously 
reshaping economies and societies. The 
last decade's progress has cleared the 
way for gradual change. Energy conser- 
vation can continue to provide breathing 
room for development of new technolo- 
gies and allow a smooth meshing of re- 
newable and conventional energy 
sources during the transition. This his- 
torical transformation will provide op- 
portunities for creativity and growth for 
generations to come. 

Conservative projections compiled by 
WorldWatch Institute m early 1983 indi- 
cate that worldwide Use of renewable en- 
ergy will expand at least 75 percent by 
the end of the century.*^ This will be 
enough to meet half of the world*s addi- 
tional energy needs by that dale and 
one-quarter of total energy needs. More 
rapid growth islikely after the turn of the 
century as oil supplies dwindle and 
prices rise— and as developers take ad- 
vantage of the lech^o)og^cal advances 
ibat will liave occurred in theimerim. By 
that time, there win be mature industries 
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0;6) 

producing wittcl gciu-rators. small hy- 
droelectric turbineSt and methanol dis- 
tilleries for world markets. 

With proper management> renewable 
energy sources could easily supply as 
much energy as the world uses today be- 
fore running up against resource con- 
straints. Assuming a substantially more' 
eflicieitt world with twice the current 
population and several times the current 
wealths renc^'able energy* should be able 
to meet otir needs indefinitely. Reaching 
that point will be cjiffictilt* but given the 
failed promise of nuclear power and the 
fact that fossil fuels are fading rapidly> 
major reliance on renewable energy 
after the year 2000 may be essential. 

Kilty years (Vom now historians will 
look back at the world's heavy reliance 
on one ftiel as an unhealthy anomaly 
bom of decadOs of low oil prices* In the 
future, differences lit climate^ natural re- 
sourcest economic systems* and social 
outlook will determine which energy 
sotirces are used where. Some countries 
will depend on five or six major sources 
of energy — true enei^y security. As en- 
ergy supply patterns change, so will 
economies and societies. Industries will 
tettd to locate near large rivers, geother- 
mal deposits, and other *iodes'' of re- 
newable energy since these fuels are less 
portable than oil. New patterns of em- 



ployment, new designs for cities, and a 
revitali£ed rural sector could all emerge 
with renewable energy development. 

For individuals and for the environ- 
ment the changes could be rejuvenating. 
Because *'renewables*" are less polluting 
than coair people will breathe easier as 
energ>^ systems change^ as will crops and 
forests. And renewable energy offers 
people striving for self-sufficiency the 
chance to take more direct control of 
their energy supply- For many people in 
the Third World, renewable energy de- 
velopment will bring electric lights^ run- 
ning water, and television for the first 
time. 

Renewable energy is no panacea> how- 
even As various forms of it are devel- 
oped, land use pressures will intensify 
and environmental conflicts aris^^al- 
ready foresihadow'ed by disputes over the 
location of w ind farms and the illegal 
cutting of fuelwood. Each energy source 
must be carefully developed and trade- 
offs carefully weighed if renewable en- 
ergy is to provide the maximum benefits 
to society. The first step is recognizing 
that renewable resources are a key to the 
world's energy future. The record of the 
past decade shows that they deserve a 
much higher place on the ener^ agen- 
das of nations. 
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Reconsidering the 
Automobiles Future 

Lester K Brown 



In ihe rapidly changing resource and 
economic milieu of ihe late seventies 
and early eighiies :he fuiure of ihe auto- 
mobile has received loo linle auention. 
The only question seems lo have been 
what ihe source ' T fuiure fuel supplies 
would be. It has been assumed, perhaps 
too readily, that synthetic fuels could 
quickly replace gasoline and diesel fuel. 

Within the auto industry, many be- 
lieved it was only a matter of time until 
the automobile became the centerpiece 
of transportation systems everywhere. A 
1978 siudy of the world automobile in- 
dustry projected the world fleet would 
expand from Just under 300 million 
vehicles at the time lo some 700 million 
by ihe year 2000, reaching one car for 
every eight peopled Yet projections 
such as ihese are not materializing 
largely because they were based on a 
narrow information base and a corre- 
spondingly narrow sei ofconsiderations» 
failing to account for a long list of 
emerging resource, economic, and polit- 
ical constraints. 

Competition for resources arisesi for 



example, because automobiles require 
not only fuel but land as well In densely 
populated China, where land is scarce, 
the private automobile is virtually un- 
known. International indebtedness on 
an unforeseen scale in ihe TTiird World 
and in Easiem Europe is resiriciing au- 
tomoiive fuel imports in scores of coun- 
tries. At the individual level, ihe narrow- 
ing margin of global economic growih 
over that of population is preventing the 
rise in affluence needed if car ownership 
is to spread as projected. 



The Age of the 
Automobile 

Although early automobile technology 
developed more or less apace in West- 
em Europe and in North America* it was 
in the Uniied States that the new tech- 
nology first took rooi and flowered. 
Henry Ford's ingenious production ap- 
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l}Vi}*kilu \ooii i{>\}t<'ii Uy otiicr it]aiitifa<'- 
lurcrs, led to a rapid spread of aut<mt<»- 
hilcs throughout the United States, lit 
1900 there were 8,000 registered cars; 
by I<>30 there were 23 million,* 

lite depression decade of the thirties 
and the war deeade of the forties saw a 
slowing {»f growth. Nevertheless, the au* 
toniotivc society evolved much faster iit 
the United States than in Europe, llie 
(Ountry Was still a relatively young oncV 
Its Cities were vottng and, unlike those in 
Kitroi)e with their narrow streets, they 
made rc^otn for the atttcmtohile as they 
evolved. And the United States had an- 
other major advantage^tts own oil 
fields. 

Although the automobile became a 
commernally viable means of transport 
taticm shortly after the turn of the cen*^ 
tttry, the great worldwide growth in its 
Use did not occur until after World War 
II, when oil was priced at $2 a barrel 
and the world economy was embarking 
on a quarter-century of unprecedented 
growth. As recently as 1950 the world 
fleet numbered only 48 million, (See 
Table 9-1,) In its adolescence, during the 
early tifties, the world auto industry was 
producing Just under 10 million vehicles 
per year, Httt in 1958 pn»duction began a 
steep climb that continued, with only an 
occasional interruption, until it reached 
30 million per vearin 1973, At this point 
some 100.000 at it{»mobiles rtjlled ofl the 
world*s assembly lines each working day, 
underlining the economic importance of 
automobile manufacturing,^ 



In 1980 Japan produced 7 million 
autos^ compared with 6*3 million 
Americammade cars. 



During the first half of the twentieth 
century, auto production and ownership 
was concentrated in the United States. 



Table 9*1. World Automobile Fleets 
1950-82 
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331 



^Kc-gi^iratNHift of Janu^iry t of y<rar ii^ccd. 
M>lrRCL Molar Vchtck' MaiiufaClurcrs Asitocia^ 
tion. W'ot^d .iUtor iJata Booh t982 EHihon 

OK'iroU, ,\Hch,i 1982). 



Indeed, as recently as 1950 two-thirds of 
the world's automobiles were owned by 
Americans, {See Figure 9-L) It was not 
until 1968 that the lest of the world 
ftttally caught up. Since th^.n, two-thirds 
of the growth itt the fleet has occurred 
outside the United States, 

A vigorous auto industry has emerged 
in Japan in recent decades. Although au- 
tomobile manufacturing had scarcely 
hegttn in that country in 1960, the indus- 
try grew at a remarkable rate. In 1980 
Japan produced 7 million autos, com* 
pared with 6,3 million American -made 
cars. For the first time since the automo* 
hiie age began, the United States w-as no 
longer the world leader,* In contrast to 
the U.S, industry, Japanese automakers 
have been heavily export -oriented^ pro- 
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ducing cars that could be marketed 
throughout the world. Their success was 
reinforced by the oil price increases in 
1973 and 1979. which greatly strength- 
ened the markei for the smaller, more 
fuel-efficient Japanese model. This com- 
bination of fuel efficiency, quality engi- 
neering, and low price has made Japa- 
nese cars formidable competitors in 
markets everywhere. So fonnidablet in 
factt that by the early eighties the United 
States and several European countries 
were pressing the Japanese to voluntar- 
ily limit their exports. 

As the seventies begant automobile 
ownership in the United States and in 
the industrial countries of northwestern 
Europe was nearing ^aturationt a situa- 
tion where the market for new vehicles is 
dominated by replacement needs. The 
large» undeveloped markets appeared to 
be in Eastern Europe^ the Soviet Union, 
and the Third World, where the private 
car was still a cherished status symbol In 
the late twentieth century, automobile 
production has emerged as the world's 
leading manufacturing industry. With 
numerous linkages both backward to- 
ward the raw material suppliers and for- 



ward toward those businesses associated 
with car sales and maintenance, it is 
sometimes referred to as the ''industry 
of industries." 



The Decline in 
Production 

Given the near universality of oil as an 
automobile fuel, it is not surprising that 
the automobile's fate is so closely tied to 
the price of petroleum. The oil price 
hike of 1973 caused a drop in world auto 
production to 25 million in 1975. (See 
Figure 9-2.) As the price of oil stabilized 
in the mid-seventies and as the real price 
of gasoline again began to decline, the 
demand for automobiles resumed an up- 
ward climb. By 1978 production reached 
3L8 million vehicles, the highest ever, 
and 1979 nearly matched that level. But 
after these two back-to-back records, 
production fell for three consecutive 
years. There was a slight upturn in 1983. 
though output thai year was still some 1 5 
percent below the peak years of 1978 
and 1979.^ 
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From li>50io 197:1. when oil cosi $2 
per barret, oil pr/Kluction increased at 
7.6 percent per year and automobile 
production at an almost equally phe- 
nomenal amitial rate or5.8 percent. (See 
l able 9-2.) ITie 1973 inti tase in the oil 
price to $12 markedly slowed the pro- 
duction ofboth petroleum and automo- 
biles. Six years later, the second oil prke 
hike actually triggered a decline in the 
production of both, with the annual 
drop in each case exceeding 5 percent 
over the next three years, 

'Ilie decline in global automobile pro- 
duction since 1079 has not been dis- 
tributed evenly among the world's prin- 
cipal tnanitfacturers. In both the United 
States and Western Europe* the fallofT 
was disproportionately great. The 
Ignited Kingdom* with one of the least 
competitive industries, was hit hard. In 
this ca^e a long-term decline resulting 
from gradual loss of competitiveness has 
been accelerated by the changing auto^ 
mobile market and rising fuel prices. In 
Japan, however production actually in- 
creased in 1960 and then reached a pla* 
teau during the early eighties. In 1961 
the autontobtle industry in North Amer- 
ica was producing at 66 percent ofcapac- 
ity. Western Europe was at 79 percent of 
capacity, and Japan was at full capacity.^ 

Despite its historical lead and the ad- 
vantage of the world's largest domestic 
market, American manufacturers were 
uitable to fettd olT the challenge from the 
fueheflicient. high-qttality, lower priced 
Japanese vehicles. (See Figure 9-3.) 



These advantages, which have given 
Japan the edge in the world auto market, 
are going to make it exceedingly difficuU 
for the United States to regain the lead. 

Within the Third World* growth of the 
dynamic Brazilian automobile industry 
was effectively checked by the 1979 price 
rise. Atthough somewhat protected by 
its increasing production of sugarcane- 
based alcohol fuel* Brazil was nonethe- 
less affected by the overall downturn in 
global economic activity. Not only did 
automobile exports level off, but the se- 
vere internal economic stresses led to a 
sharp decline in domestic sales as well.* 

Another of the world*s most dynamic 
developing economies. South Korea, 
also found itseff in difficulty in this sec- 
ton A latecomer to automobile assem- 
bly, the Korean industry, with the direct 
support and encouragement of the gov- 
ernment, had been planntitg a several- 
fold increase in automobile output 
within a span of a few years. By I960, 
however, it was using only 30 percent of 
its total production capacity of 235.000 
vehicles per year.^ Caught in the early 
phase of rapid expansion by the 1979 oil 
price increase* the country's export-ori- 
ented industry feced intensified compe- 
tition and, in many cases. iiTiport restric* 
tions in the major markets. 

The fall in automobile production 
since 1979 is only partly due to soaring 
fttel price.<t and high interest rates. Also 
contributing has been the slowdown in 
global economic growth since 1979 — a 
slowdown to the point where ova:3ll 



Table 9-2. World Oil and Automobile Production. 1950-SS 
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Figure 9*3, Prmlurtioii of Pwenger Cars> 
United Sut» and Japsti, 1950*83 

world v*(onamic growth barely muu'hc\s 
tliat ofpoptilatioii. The result is stagnat- 
ing per capita income and purchasing 
power Withottt income gains* ihe num- 
ber of cottstttners who can afford an« 
tontobiles will remain limited. In addh 
tion* goventmental tax policies jn many 
rountnes are discouraging automobile 
owttership. In many Third World coun- 
tnes that do not assemble their own au^ 
tomobiies* import duties are used to dis- 
courage vehicle ownership*'*^ ITie 
co]nbinatio>t of these economic trends 
dampening constnner demand and gov^ 
enimcntal policies discouraging car 
ownership may prevent a resumption in 
the growth in demand for automobMes 
that has charncteri/ed most of this cen- 
tury. 



Effects of the 
Production Decline 

The effects of the four^year* 15 percent 
decline in world auto production since 



1978 are numerous and diverse. Coming 
on the heels of a triplutg of world auto- 
mobile output tn less than two decades 
and at a time when rapid growth was 
projected in world auto sales* the down- 
turn was traumatic, to say the least, espe- 
cially in the United States, It drove some 
of the world's largest automobile manu- 
facturers to the brink of bankruptcy; oth- 
ers survived only by merging. 

The most immediate social impact was 
rising unemployment ami>ng automo- 
bile assembly-line workers. Among the 
major producers the' rise in lost Jobs was 
most pronounced itt the United States, 
After peaking in )978 at over one mil- 
lion, U.S, auto industry employment de- 
clined steadily in each of the next three 
years. By 1982 one-tliird of the work 
force was unemployed," lit some cases* 
a reduction in the number of shifts in n 
given plant causf.'d the unemployment. 
In others, plants closed. From 1978 
through 1981 some 20 U,S, automobile 
assembly plants shut down. Many, such 
as the Ford plants producing full-si/,ed 
cars in Los Angeles and in Mahwah, New 
Jersey, closed permanently,*^ 

Thousands of small firms supplying 
parts to the major auto mannfactorcTs 
were also hit hard. lu 1979* the LIS, De- 
partment of 1 ransportatton estitm>ted 
that the American auto industry spent 
$73 billion on materials, parts* services* 
and equipment* Of this, some $55 bil- 
lion was spent in the United States* pro- 
viding an estimated \A million jobs, ,As 
a result of the 1978-82 downturn, an es- 
timated half-million Jobs were lost in 
firms that supplied parts and contpo- 
nents,'^ 

I1ie ripple efiects also reach all the 
way to the manufacturers of basic auto- 
motive raw- materials such as steel* rub- 
ber, and glass. Each of these industries 
has been aflfected both by the reduced 
vehicle output and by downsizing. With 
the auto industry accounting for close to 
one-quarter of U^S* consumption of iron 
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and sieol. ;itul wilh ihc avt'rago weight of 
a new car dropping, the demand for sted 
fell sharply, further depressing an indus- 
try alr<.>adv in the doldrums. Not all the 
nows is bad. however because.- ihe down* 
sizitig iti Detroit is generating a demand 
for lighter, stronger, more expensive 
steel. Although the volume of steel sales 
to the automobile industry may be down, 
unit profits are up.*^ 'Hie amount of rub- 
ber used by the automobile industry has 
also declined, both in new cars and as 
replaeemeat lires on used cars. Projec- 
tions indicate that by 1985 a majonty of 
American vehicles will be roUing on 13- 
inch tires rather than the more tradi- 
tional ITsinch onesJ* 

I he stresses of the downturn have 
been no less severe on the industries at 
the consumer end of the marketing 
chain. ITie mmiber of U.S. automobile 
dealerships has been gradually declining 
since 1950 as the largen more elhcient 
dealers acquire more of the market* but 
the rate of dealership closings ac- 
celerated in the early eighties. During 
1978* for example. 144 new-car dealers 
closed their doors; by 1980, this had in- 
creased to li558 — a near-record de- 
cline,'^ 

Hilltc^n 




Sourcf: Ftdnal 
Highway Aditttn. 



mo 



-[ — 



mo I98& 



Table 9-3. United States: Gasoline 
Service Stations, 1970-83^ 



Year 



Stations 



{^70 


220,000 


197 i 


220J000 


I97i> 


220*500 


1973 


215t{)00 




lyo. ivv 




180.500 


1976 


186.800 


1077 


176*500 


J 978 


172.300 


J 979 


JG4.800 


1^80 


158*500 


J981 


151,200 


m2 


144,700 


1983* 


139.200 



Figurt 9*4* CootimtptUMi of Gasottne by 
VS. Pawnger Can, 1950*92 



't>ocir [)oi imlud« outlets at conv«m<;n(.e stores. 
<*ir . uluTf f^j^hnc aiCoiints for lejs than hajf o( 
lout sA<-s. 'PreUiTiinary, 

soi tt(:iv: Xittiomti Pttroirttm S'rwi Fmt Book* i9S3 
(Chtcago: Hunter Jbblishing Co.. t9e3). 

Completing the circle of the far-rang- 
ing impact of rising oil (-nces* U^S* gaso- 
line sales were hurt by falling auto sales, 
by the rising fuel efficiency of the cars of 
the road, ^nd by a decline in miles 
driven. After increasing from 24.3 bil- 
lion gallons in 1950 to an all-time high of 
83.8 billion gallons in 1978* the amount 
of gasoline used in passenger cars 
dropped to 73.7 billion gallons by 1980. 
After this precipitous fall — 12 percent 
within two years — the decline slowed 
markedly in 1982 at^i 1983.^' (See Fig- 
ure 9-4.) 

The number of service stations, al* 
ready affected by a movement toward 
larger outlets* fell even faster than gaso- 
line sales* Between 1972, when the num* 
ber of U.S. service stations peaked at 
226,500* and 1983 over 87*000 stations 
closed* (See Table 9*3.) If the projected 
gains in U.S.*fleet fuel efficiency materi* 
aiiie, more service stations are likely lo 
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go out of business, reducing ih ^Mal 10 
perhaps half or less of ihe \97^ j>oak. 

All in all the second oil price increase 
had a far greater impact than the first 
out". ITic world auto industry could ad- 
just with a modest effort to the 1973 in- 
crease, but the 1979 Jump that pushed 
prices beyond $30 per barrel posed ex- 
traordinarily difficult problems. The first 
price rise could have been handled 
largely by downsizing automobiles and 
increasing fuel efficiency, fhe second 
one, however, has forced a general 
reevaluation of the wisdom of depend- 
ttig heavily on cars as a primary source of 
mobility. 



Fuel Efficiency Gains 

A smooth transition to a sustainable so- 
ci<fl>" depends on the far more efficient 
use of liquid fuels. And since close to 
one-third of all oil is burned in automo- 
bil4*s. designing cars that are more fueh 
efficient is the key. Worldwide, ihc ad- 
ju^iment has thus far been concentrated 
in it-o Uniied States* which at the time of 
tht 19/6 Automotive Fuel Efficiency Act 
accounted for roughly half of world gas 
oline consumption. 

Between 1950 and the 1973 oil price 
hike, the size and horsepower of the av- 
erage U.S. automobile increased stead- 
ily, with the result that overall fuel efft 
ciency gradually declined, reaching a 
low of 13.1 miles per gallcn in 1973.'® 
(S'* Figure 9-5-) The purpose of the 
19/6 legislation, A'hich was to apply to 
each year*s new models from 1978 
through 19S5, was i jughly to double the 
fuel efficiency of American cars. Th^^u 
shonly after Detroit had begun the mas- 
sive redesign of^utomobiles required to 
achieve the federal standards, the 1979 
oil pric^ hike created market conditions 
that raised the average fuel efficiency of 
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new cars over the next three years even 
faster than required. 

The combination of n.smg fuel prices 
and the federal efficieitcy standards led 
to a pronounced shift toward small cars. 
In 1970, some 37 percent of all new cars 
sold in the United States were subcom* 
pacts and mpacts. Large cars*-the 
luxury* Slap rd, and intermediate sizes 
— accounted for 65 percent. By 1?81 
these proportions had been roughly re<- 
Versed. with large cars representing 
about 35 percent of sales and small cars 
65 percent. (See Table 9-4.) Marked de* 
clines in U.S. gasoline prices in 1982 and 
1983, however, renewed buyer interest 
in larger cars, and the small-car share of 
sales dropped for the first time since the 
1979 oil price hike. 

To achieve the efficiency called for in 
the fedei>U standards and demanded by 
the markets Detroit ttndertttok a massive 
downsizing of new ^ars. "Vhe principal 
techniques used were weight reduction 
antl a shift to smaller.Jess powerful en- 
gines. In 1975 the av<rrage new car pro- 
duced in Detroit weighed 3,970 pounds, 
roughly two tons. But by 1982 the aver- 
age weight had dropped to 3,001 
pounds, a reduction ofone-fourth in five 
years.'* 
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Tab]« 9-4, Unitt^d States: Passenger 
Car Sales by Size, l970-82^ 
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\iMt\ iimJ im|K)rii 'Ijrj^r^' iiKlo<kv iiiu-rim'<lMtt'. 
\un<tar<L Mh\ liixuit (jr> ^SU\ lun mU\ <luf u> 
roll ruling. 

.SOURCE' MtmiF Wlixir Manufaaarm Associa- 
lioTii .Ufl/Of l'fh\<(f Fit^t\ and F\gutfs *H} 4l><^tr(iit, 
Mjch . 1083) 

The shift to less powcHiiK mort' fuel- 
efficient engines is equally nnpre^sive. 
As recently as 1977, 7(j percent of all 
I'.S.'iuatiutactured atitomobiles had 
*nght-c\ Under engines, (See Table 9-5.) 
Srnce then, their share of the market has 
fallen precipitously, averaging 28 |>er- 
(ent (Inriiig the early eighties. Mean- 
while. six-(\lin(ler engines have picked 
tip some of ' ' u was once the ejghi- 
cylinder ma ..<.i. increasing their market 
vhare from one-hfth to one-third. At 
the most eJIirii^ni eiid of the spectrum, 
the minther of fotmcylinder engines 
Jumped from less than 10 percent of 
the mjtrket dnring the mid-seventies to 
4l percent in 1982, In addition to the 
pronottnccd shift *owaid totir-cUinder 
ettgineSt vjeneral Motors has a three- 
c\ linden two-passenger (ommtttcr \chi' 
cie in the wmgs that it utay bcgm matiu- 
factiiring if fttel costs rise enottgh to 



asstire a market for it.^* 

Other steps to improve fuel efficiency 
include adopting front-wheel drive and 
manual transmission and paying greater 
attention to aerodynamics. As recently 
as 1977 there were no front-wheel drive 
vehicles coming out of Detroit. By 1985, 
the overwhelming majorityof American- 
made automohiles will have front-wheel 
drive^ And manual transmissions should 
account for 17 percent of all American 
cars by then.** 

Overall the 1975-82 period wit* 
nessed a major transfonnation of the 
C ,>S. automobile industry, one far 
greater than :my since its fledgling stage 
at the turn of the century. The transfor- 
mation has been not only in the design* 
perfonnance. and appearance of the au- 
tomobikt but of the entire automotive 
industry and. because of its dominant 
role, i}{ the U.S. economy itself. 



Renault plans to have a vehicle on 
the market by 1985 that will get 80 
miles per gaUon on the highway. 



Although the shift toward fuel effi- 
ciency ^vas most dramatic in the United 
States, it was a worldwide phenomenon. 
West Germany. Japan, and the Uttited 
Ktngdom were aLo takmg steps to in- 
crease the fuel efficiency of new automo- 
biles. In West Germany, automakers 
agreed at the time of the 1979 oil price 
hike to raise the fuel efficiency of their 
new cars by 10-12 percent. Injapan, leg- 
islation was passed that same year set- 
ting a 32-mile-per-gallon average for 
new cars by 1982^ {By comparison, the 
U.S. standard for 1985 is 27.5 miles per 
gallon.) \textco belatedly responded to 
the need for greater fuel efficiency by 
banning the manufacture of eight*cylin* 
der engines as of November 1984.** 

Kven as governments were raising fuel 
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Tftbk 9*5* United Statet: The Chmnging New Car, 1975-82^ 
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efficiency stjnclj*ds, il becar^ecleur ihai 
cars could be* far titorc* ftiel-eftieient than 
ihey are now. In ilie Uniied Siaies* ilu* 
Hauelle Memorial Institute* one of the 
world's largest consulting Unws, chjl- 
lenged its engineers to design a four- 
passenger car that couid get 100 miies 
per gullon. 'ITieir response was a \ehicle 
that wotild wyfigh Just over 1*000 
pounds: it would have a variable speed 
transmission with a microprocessor ad- 
justing engine speed to achieve maxi- 
mum fuel eJficieiicy. Using only cur- 
rently available technologies* the 
engineers showed that with a diesel en- 
gine this automobile could get lO'J-105 
miles per gallon. Even with u ccniven- 
tional gasoline c- ,ineii could get 80-S6 
n-iles per gallon.-^* 

Individual manufacturei s ^^were also 
moving forward. In Fraut*;* Renault 
plans to bavc a vehicle on the market by 
1985 that will get 80 miles per gallon on 
the highway. Across the channel* BLLid. 
(formerly British l^eyland) began mar- 
keting a ''mtni-metro** in late 1980. At a 
steady 30 miles per hour* it can get 83 
miles per gallon; in variable-speed urban 
driving, it can average 41 miles per gal* 
Ion. BLplans to market this vehicle onl> 
in the United Kingdom and Europe.** 



In the L^iited States, the General Mo- 
tors three-cylinder vehicle nieniioned 
earlier can gel 8t) inile^ per gallon at a 
stejdy 25 miles per hour* jud 60 miles 
per gallon on tlie highway. Although the 
engineering of ihis vehicle is largely 
completed, plan^ to move the demon- 
stration ii^odel into production are un- 
certain. 

In Japan, six of nine automobile* 
manufacturers are marketing mini-cars, 
with engines of less thun ^50ctibir centi- 
meters. This is less than half the size of 
the engine jn yesteryear's small cars, 
^nch as the internationally marketed 
\'olkswagen Rahhit* or thejapanese cars 
m>w marketed in the United States and 
Europe^ which have cngme dis]>lace- 
ments of roughly 1^200 cubic remimr 
lers. 

ITie Japanese ^^*"* trci^+'^'SlXfrage 
more than hO mWvi^ \>c^ gammy 'rtr 
roughly double the federal requircpentR 
for U.S. vehicles in 1985. Weighing an 
average of 1*200 poundi;. these vehicles 
were selling for $2*000-.^*000 in Japan in 
1983. Sale^ oC mini-cars and (heir mini- 
truck e(|uivalents there totakd 1.3 mil- 
lion in 1982.*^ With thest* am^ill* highly 
efficient vehicles already in productron. 
thejapanese are well positioned ir» tpke 
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advaniagt* oi ttic ttcxt tutg^ tet world oil 
prices. I he combinanon of tconomk 
comlinons and fuittre ftiel price projec- 
iiotts iridicnics a growing worldwide 
rnarkct for iIk^c ^ntalkr cars that pro- 
wde adequate transportattoit at mtich 
lower punltuso aitd operatiott;il prices. 



At-TERNATIVL FUEL 

Prospects 

Governments, automobile manufactu 
ors, iind CAT owners are all keenly inter- 
ested in the development of alternative 
atnoittotive fuels in light of the inevitable 
depletioit of oil reserves. Although there 
are tnatiy potetuial sources of automo- 
tive fuel beyottd the convetuional re- 
serves of oil* progress in developing 
them has been lintitttl to a few countries. 

Prominent among the new fossil fuel 
sources of liquid fuel are coal, tar sands, 
attd Oil ^hale. The technology for lique- 
fying coal wajs developed by the Ger- 
mans ttt the twenties and thirttes and 
used extensively during World VVar 11 to 
subsiitute for imponed oil as supplies 
were ent off. After the war however, 
W'es! Cermauy quickly returned to refin- 
ing imported oil, a much clieaper fuel. 

of I9H4. onEy one country. South 
.Atricat is producing liquid fuel from coal 
on a ttteantngful scale. For political rea- 
sotis. South Africa hais always felt ^artic* 
ularlv vulnerable to eutbargoes by vari* 
otts fntl suppliers and has accordingly 
made a strong effort to develop liquid 
fuels from its extensive coal reserves. 
'Ilie first Commercial plant be^an opent- 
tionin 19.^9, stippKing some 10 percent 
of the amntr\ s automotive fuel. Since 
then outptit has expanded to the point 
where close to half of South Africans au* 
tomotive fne! now comes from liquefied 
eoiil." Other national governments and 



major oil companies developed plans to 
invest heavily in eoal liquefaction during 
the late seventies, but unfortunately 
nearly all these were abandoned because 
they were not economical. 

Reserves of a second source of liquid 
fuel — tar ^ands — in Canada, the United 
States, C^olomhia* and Venezuela con- 
tain as much petroleum as the oil fields 
of the Middle East, but the economic and 
environmental costs of extracting it are 
high. Leadership in this field has come 
from a Canadian ^ .asonium that in- 
cludes the government and major oil 
companies. A $2-billion commercial fa- 
cility located in the Athabasca River 
Basin of western Canada was designed 
to produce 100,000 barrel: of oil per 
day. but thus far has managed to pro* 
duce only half that amount.*^ 

Extracting oil from shale deposits is 
even mdre difficuh and costly than ob- 
taining it from tar sands. Some of the 
world's richest oil shale deposits are 
found in the western United States^ in 
Colorado, Utah, and Wyoming, where 
the oil is tightly locked into rock forma* 
tion^ just beneath the surfdce. Ahhough 
several companies^ mostly tn the oil busi* 
iiess, are interested in exploiting this po- 
tential the possibility fordoing so seems 
always to recede as the cost of extraction 
continuoiisiv rises beyond the current 
world price of oiE. A^ of mid*1983 rhe 
U.S. Synthetic Fuels Corporation, 
bunched in 1979, has had trouble 
finding commerc: . \y viable synfuel pro* 
jects to fund*** Projects to develop oil 
shaie, to liquefy and, gasify ccal, or to 
convert peat into liquid fuel have rarely 
proved wonhy of the corporation's sup- 
p'>ri. 

Another potentially important com- 
ir*:rcial automotive fuel is electricity. 
Here the constraint is the diflScuity of 
designing an economically feasible elec- 
tric car. One of the drawbacks of existing 
electric autos is limhed range, which 
suggests they are tetter suited for com- 
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nmttng and shori, hXL'd-routc coiiinicr- 
cial applications than lor long -distance 
road trips. The basic technology is ap- 
propriate for various specialized pur- 
poses, such as furHifts in warehouses, 
where the fumei^ from internal combus- 
tion engines are unhealthy, or g<^M cat ts, 
which ai. <jti]te lighL tra\el only short 
distances, and require little power The 
l ost of periodically replacing the batter- 
ies in electric cars is often prohibitive. 
K\en though these can be recharged 
daily 'roni cOfiventi<inal rlectiicity out- 
leis. thev wear out wnltin a year or two. 
Severthcless, the t,?chnolog\ ddcs seem 
well Miited to ronntries *hat ha\e an 
'ttiiitidance ol (Leap hydroeleciricity. 

The most successful hiologicallv 
based svntlietir fuel venture to date is 
the development of stigarcane-derived 
alcohol fuels in Hra/tL At a stage of rapid 
in(Kistriali/:ut(>n and dependent on im- 
ports for 85 penenl of it« oj). Brazil has 
felt vulnerable lo soarittg oil prices and 
to supply disnipttons. It has attempted 
to conipemate for this b\ developing in- 
digenous hquid fuel sources. Widt a 
poor endowment of fossil fuels but a rel- 
ative abundance of land, the govern- 
inent decided in 1975 to launch a mis- 
sive alcohol fuels project intended to 
achieve liquid-fuel self-sufficiency by the 
end of the centur>, if not before. 

By J98Jt* Brazil was producing 4.5 bil- 
lion litm (itearly 1,? hiilion gallons) of 
alcohol motor fuel in some 280 distiller- 
ies that dot the counciy^id.v (See Table 
9-6.) Supplying close to one-quarter of 
t ^ automotive fuel consumed, these 
a rtilleries are stf|)planting the oil refin- 
eries on which Brazilians traditionally 
depended. Cars run on alcohol both in 
co.nbination widi gasoline and by itself. 
Initially Brazil exploited the ability of 
conventional engines to burn a gasoline- 
aholiol mix containing up to 20 percent 
Mcohol without adjustment. At the same 
time the go\ernment required automak- 
ers to begin j.fodtictng atitomobiles with 



T«bl« 9^. Braxil' Estimated ProdW^on of 
Alcohol Fu«l from Sug«rc»n«» 197<>^3> 
With fVoj«ctions to 1985^ 
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puMishe<J figures ami oftifjal proje^iioiij *Cr'>p' 
]a> J area based on 1980 cane pclds and an alcobol 
<'»iucrsion rate of 3^700 lucrs per lieciarc 
''ot^Rcr.V U'orld tncrgv Indusit v, Thf Entrg^ Drcadr 
t970^0 (Ombndge. Mass . Ballingcr Pobfisbmg 
Co. \9S2l Joufnai of Commrrff. April 5, 1983: 
Worldwaich In&tnutc trsitmaies, 

engines designed specifically to run on 
alcohol. By early 1983* a inajorityof new 
cars purchased in Brazil Had alcuhol fuel 
engines and well over a million hectares 

0 hectare equals 2.47 acres) were 
planted to sugarcane for the production 
of alcuhol. 

The United States is the second larg- 
est alcohol*fuel producer. Although the 
U.S, Government has abandoned the 

1 985 production goal of 2 billion gallons 
that wa#. established in 1979* some 375 
million gjllons of alcohol fuel were pro- 
di».ced in 19?3i accounting for 0,5 per- 
cent of national auto fuel consumption. 
Most uf this came from corn and is used 



er|c 



183 



Slalfof Ike World— 1984 



ERIC 



as ait (KUnc ciiluiKci, iiii\ed ii\ small 
quantities with convoiitu>nal gasoliiK-. In 
agricultural terms, this required 135 mil- 
lion bushels of corn (nearly 2 percent of 
a ty|>tcal l\S, harxt-st) and 1-3 million 
acros, which is 0.4 pcrconi of U.S. crop- 
land, (Sco l able 9-7,) 1Tie I niied Stau-s 
produced about oiu'-fiftb as mu< b alco- 
hoi fuel as Brazil^*' 



In China, which has only one*tenth 
of a hectare of cropland per per* 
son, there simply is no room for 
cars* 



K\eiitijalK the relative contributions 
of UK reused fuel effincncy and altema- 
ti\e fuels will gia<luallv shift toward the 
latter as the potential eflick'ucy gains are 
wrung out ol the automoti\e svstem. 
ITius far, however, the adjustment be- 
tween the poteniial exress of worldwide 
detiiatid for automotive fuel over the 
available supply has been achieved 
Lirgeh through reciticing demand rather 
tb^n \brough producing new fuels. And 
for some time to come fuel efficiency 
gains will remain far cheaper than devel- 
op[*ig alternaii\e fuels. Indeed, with the 
gains in efficiency that have yet to be 



reab/ed, this approach is bkety to con- 
tinue to dwarf the contribution of alter- 
native fuels between now and the end of 
the centur>'. 



A Time of Reassessment 

As intjicaied, most projections of the 
world automobile fleet have assumed 
there would be dramatic growth over the 
remainder of this cemury. Typical of 
these is an Organisation for Economic 
Co-operation and Development study 
completed in 1979 that projected world 
automobile ownership would expand at 
a steady 3 percent per year during the 
eighties and nineties* nearly doubling 
fleet size by theendof thecentur>\ David 
Bayliss, tfansport planner for the 
Greater London Council, has compiled 
the results of 18 studies^ all hut three of 
them done in the eighties* that project 
annua) automobile sale:. <o the year 
2000, The highest projected for that 
year is 72 million, in a study completed 
in 19"8, This would be more than dou- 
ble the peak figure of just under 32 mil- 
lion in 1978 and close to triple the 27 
million sold in 1983. At the low end of 
the spectnim is a 1983 study that pro* 



Table 9-7, United States: Production of Fuel Aleohol From Com* 1980-^ 
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jccted 4(> milhoti (^rs would t>c sold at 
ihe end of ihe ccntur\, an increase oi 70 
perceiU over 1983 sales, 

tveu studies done after tbe 1979 ^'1 
price ttitrease show continuing stibstan^ 
tial growth in the world aiiiomobile fleet. 
*rhe average of the set of projeutons 
summarized by Ba\ltss anticipates 550 
million tars hy the endofthecetitur>, an 
increase of nearly four-fifths o\er 1980. 
Associated with this would he growth in 
annual sales from ahout 30 million in 
1980 to 42 million in 1990 and 5f> iitil- 
hoii in the year 2000.^'^ 

I'nfortunateh, most projections are 
hascd on ^ nairow j;et of coii\entional 
lis. \unipt ions that exditdc ttie many new 
factoi's shaping the autoniobile*s future. 
Few, for example, appear to ha\e ac- 
counted fiil!\ for the (ost of developing 
alternative fuels. Nor have aii\ gneii se- 
rious anisideratifin to the equit\ issiic\\ 
arising as the changing economic out- 
look permanenth hmits automobile 
ownership to a small cliie in most (onn- 
tries hi Eastern Kiirope and the 'Iliird 
World, 

Although initially questions ahoui the 
future oE the automobile arose from ihe 
sliarp iticrtMse m fuel costs in 1973. dur- 
ing the following decade* numerous 
other factors led go\ernments and in- 
dividuals to reexamine the role of the 
antoinohilc. These other influences on 
the anto*s fiitnre iiicliidc land availabi^ 
it), the cost of vehicle ownership and 
maintenance, the j;aturatioii of some 
markets, the filowdowti in economic 
growth hoih globalh and in particular 
natioiLS that v onid otherwise de\eh>p an 
aiito manufacturing sector, the extent of 
international indebtedness, urban traffic 
congestion and air pollution, and a de- 
cline in ihe status triuhtionnlh ai corded 
aiito owtic*[sh]p. 

Fuel costs inflnenc* ihe wa> national 
policymakers as well a,s potential ow!ier\ 
think about the automobile. At the na- 
tional le\el go\ernn]CTits are concerned 



with how' fuel (osts boost foreign ex^ 
change outlaws if the (nniitry is among 
the overwhelming majority that import 
oi^. Ai the individual leveb ftiel costs are 
an important expense and when they 
rise faster than real income the) discour- 
age atito itse and ownership. And iiiat*s 
Just what they are expectc*d to do. The 
cost m real terms has risen markedly 
o\er the past decade and it is projected 
^o continue to rise throughout the rest of 
this century, ,Althotigh there may he 
short'tenn declines in world oil prices, 
as in 1983* the long-tenn trend is clearly 
upward. 

An automobile-centered tramporta- 
lion s\stem is land-intensive. Parking a 
subcompact requires a 10-b\^i£0-foot 
plot of land, so a parking lot to accom- 
modate 200 vehicles requires an acre. In 
addition to needing several parking 
spotj; per automobile, land is required 
for streets, roads^ and highways. In some 
denj;el\ populated countries there is 
jvimply not enough land to support a 
Heet of aittomohdejv. In China, for exam- 
ple, which has onl\ oiie-tenih of a hect- 
are of cropland per person, there simply 
is no room for cars, ITiis is one '^eason 
why China, which exports a million bar- 
rels of oil a day, has virtually no private 
automobiles,^' Other areas unable lo de- 
\elop a full-fledged auto-centered trans- 
|K>rtation s\stem becaiij^e of land short- 
ages include Bangladesh, Kgypi, and ;he 
island of |ava, where moj;t Indonesians 
live. 

Only relatively afHueni individual can 
afford to purchase and operate an auto- 
mobile. Without an^income well aho\e 
the world average, such a cosih trans- 
portaiion \ehicle is Jtmt far beyond ihe ^ 
range of consumers, Until recently, it / 
was \videl> asj^nmed that income leve!&.^ 
thronglioin the world would eontnine to 
rij;erapidl\ lot the indefinite ftimre, thus 
bringing cars within the range of more 
;md more people. With the slowdow n in 
global economic growth, however, par- 
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ticuUrly SHKC 1979, f^diit^ in per capita 
income have been modest* creating few 
new automobile owners. 

At the aflhient end oi the economic 
spe^tmm, some national markets are 
becoming saturated with automobiles. 
The United States, Tor example* is ap- 
proaching market saturation, with more 
than half as many cars as people, So, too. 
are other affluent industrial societies, 
such as West Germany, France, and 
Italy . with an average of one car for every 
thret* people, (See Table The 
United Kingdom and Japan are also 
probably nearing (he saturation point. 
t>anly for space reasons. Most Third 
VVorld cotintrics. on the other hand, are 



far from saturation, Mexico, an oil ex- 
porter, has one car for every 21 people 
while Brazil, an oi) importer, has one for 
every 16. For <he world as a whole the 
average is 14 people per car a figure that 
is a far cry from either 2 people per car 
in the United States ot 18,000 per car in 
China, 

As economic growth slows, so does 
the growth in public revenues— the very 
monies needed to create the infrastruc- 
ture of streets, roads, highways, and 
bridges needed to support automobiles. 
With national budgetary deficits on the 
rise almost everywhere, public outlays 
for such things will be harder to come 
by. Likewise, slower growth will mske it 



Tible9*8, Prevalenceof Passenger Cars in the Twenty Mott Populous Couatries, 1981 
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iiiort' diliittilt lot iho pi'v:iio sctioi to 
amass capital for mvcstincnt in ^^v^^ 
fnattufacttiring capacity^ cspeciaHy on 
the stale needed if sales are <o double b\ 
2000, hi conntfies where fleet expansion 
i:^ projected, additional capital will be re- 
quired for investment in dealerships, 
sen ice stations, and repair garage<$, 

rite growth in ititeriiatioiial indebted* 
nes\ during the late seventies and the 
earlv eighties, which reached an astro- 
nomical $750 biUion during 1983, is 
c<mi'entrated in tlastern Kurope and the 
Third World, in precisely tho^e coun- 
tries where the groi^th in atitos is pro- 
jecte<l to he greatest,^* Heavily bnr- 
<lened with <lebt, ntany ofthe^e nations 
can no longer aflbrd to import oil for an 
ever*expan<ling automobile Heet. In^ 
detj. annmg the <'ondhion!» often im- 
posed by the hiternational Monetan' 
Fund to assist governments with foreign 
exeh:inge deficits \\ a higher price or t;ix 
on gasohne. In short, for many conntrtes 
the existing international debt snuatton. 
which likelv to dominate national eei>- 
nomic policies and priorities well into 
the nineties, is not rondticive to the con* 
tmtiing e\ otution of an aiitomohile*cen* 
tered transportation system, 

(!onntries ihat export petroleum as 
well as those that import it are reassess* 
iitg the automobile's ftiture. tnder 
prodding front the International Mone- 
tan Fnnd to boo.st federal revenues and 
redtice <loniestii oil use. the Mexican 
Government raised gasohne prices 
sharph in 1983, Although the new price 
of 70c per gallon for regular gasoline (at 
the othrtfil exchange rate) was still low 
by inteni^tioital standards, it repie- 
seiitcd ^ sixfold increase in peso terms 
front th6 price at the beginning of 1983. 
Folittcilly tntpoptdar tltotigh it was, this 
raistftgof gasolifie prices <^Ioser to world 
levels helped rc\crsc the trend in oil 
consumption, which had grown so:nc 10 
percent per year from 1976 throttgh 
1981, Brazil was also forced to raise the 
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prt<eolga%oline in mid' 1983, by 40 per- 
tent, before the FtJttd wotild agree to 
provide a^^istance,** 



Heavily burdened with debt^ many 
nations can no longer afford to im- 
port oil for ^n everexpanding au- 
tomobile fleet. 



In an elfort to redtice oil impons and 
maintain it.s mteritational credit -worthi* 
ness. Vtigoslavia adopted a nitioning 
svstem in lf>82 that limited motorists to 
13 gallons per itiof)th, Poland, which is 
in arrears in tntcrest payments oti its in- 
ternational debt and which imports oil, 
has adopted stringent controls on gaso* 
linetise. In late l98t^, gasoHne purchases 
were rationed to 9 galloiKs per month, 
ftot neariy enough to permit regular 
tise.^* 

Questions of equity also arise in cott- 
sidering the futitie of the autontohile. 
Although owning a car is essential to the 
existing hfe-styles of mling elites in the 
Third World, it will bccoutc more and 
more ditflcult to Justify the use of a large 
share of a countn's foreign exchange to 
import fticl. parts, or even new vehicles 
thentselve!;, Karlier, when it could be as- 
,vuined that rapid economie growth 
wotild contifttte exponentially, it was 
reasonable to think thai nic<:t people 
who wanted a car wotild cwntually own 
one, regardless of where they hved. As it 
becomes clear that this is not a reason- 
able prospect, then the use of the tecltr 
iiology itself, which is elitist in n^t^^< 
will be increasingly questioned, ^ 

Yet another constraint on atUoi is 
growing urban traTic congestion. l4)nga 
problem in the countries that ftrst turned 
to the automobile, it is now a catmr for 
concern in many I'hird World cities as 
well. Monumental traffic Jants that ran 
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last tor tiours ckc iii trgtjhtrly m Mcxicu 
City. I^gos. ^nd Bangkok. Ait pulltitioti, 
tou, 15 a serious problem* p^irticularly in 
tlic Third World- Seoul and Mexico City 
now reportedly liavc some of the worst 
air pollution fotiMil attywlicrc, largely be- 
catjse of auto ctni^sions. The rombitia- 
tion of tr^ttic cottgcstion. traific notsc^ 
and air pollutioit h^s lc<l many cities to 
itnpose restrictions on the iise of an- 
tomobtlt*s. These range from increased 
bridge tolh. as in Maiiliatt;in, to restric- 
tions on cars carrying otiK one person, 
as in Siitgapore, 

K\'en some industrial societies, partic- 
ttlaHy those that import oil. are begiit- 
tiing to liiue second thoughts about the 
lature of the automobile. Prominent 
among the afiluent societies that are 
t(*ex.iniitiing their attitudes are Denmark 
and Sweden, Por Dattes. who pay for 
their imported oil largely with fami pro- 
ducts, the shift in the terms of trade be- 
tween oil and agricultural commodities, 
described in Chapter I. has been 
economically devastating. If the Danish 
auto Heet continues to grow^ further in- 
creasing the demand for imported oil, it 
could so weaken the economy that a de- 
cline in living standards might be inevi- 
table. To avoid ihis unhappy possibility, 
Denmark has adopted a number of poli- 
cies to discourage private automobile 
ownersh^p^ including a high tax on gaso- 
line and s: it! parking fees for motorists. 
In addition, the Danish Government liai 
launched a campaign to educate people 
on the national economic dangers of 
continuing to rely heavily on private 
cars. ,As public und^'rstanding rises, auto 
ownership has bt'conie socially less de- 
sirable, leading to a decline in the auto- 
mobile fleet, the hrst national decline on 
retonl. Since 1979. when the Danish au- 
tcniiobile fleet totaled million au- 
tomobiles, it has fallen to 1 ,36 million, a 
drop of some 3 percent,*' (See Figure 
9-6,) 



mh J970 l*J75 1980 1985 
Figure 9^, Automofalle Refi»tnrtion», Sweden 

At the same time that it is discourag- 
ing automobile ownership, the Danish 
Oovernment has stepped up investment 
in public transport, with bus registra- 
tions increasing by over one-third be- 
tween 1973 and 1981,** The goal has 
been to provide speedy, convenient 
transportation that is cheaper than that 
provided by automobiles* thus reducing 
neu' car purchases below the number of 
old cars retired. 

Sweden has also acted vigorously to 
discourage the growth in automobile 
ownership. After increasing steadily 
from mid-century until 1976* growth in 
the Swedish auto fleet has stopped* re- 
maining essentially static through 
1981 It seems likely ihat over time the 
forces that halted the growth of the auto- 
mobile fleet will intensify and lead to a 
gradual decline. 

At the other end of the income spec* 
trum, Peru demonstrates rather graph- 
ically the changes (hat can occur in the 
outlook for the automobile in the Third 
World* Over a decade ago, Peru signed 
a pact with other Andean countries to 
produce automobiles* with each country 
producing certain of the basic compo- 
nents and wjh final assembly being 
done domestically. In Peru* which had 
been manufacturing an average of I7«- 
000 cars per year in the bte sixties, this 
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iy76.^MSce Figure 9-7.) 

At {his paint, several economic prob- 
lems brought ilie grouth in production 
ta a bait. Among otlicr tUin^s* the col- 
bpse of the Country \s i)niho\} fisher) 
sh^irpU rediued the foreign exchange 
available to inipott oil Slioidy there* 
after the Internation^il Monetar> Fund 
required a se\ere restriction in con- 
sumer credit as ^ condition for addi- 
tional loaii^. In 1979 die gasohne price 
was doubted. Real inrome^ ni I'eru ^%ere 
not increasing during this period. In- 
deed* in some >ears economic growth 
w.is falling to keep pace with population 
grow-di. Between I97H and 1978. auto- 
mobile production fell to just over 1 
000 vehifles. H> 1981 it had recovered 
soniewh.it, to o\ei 20*000 vehicle** hut 
die luture of the mdusd \ is nonetheless 
in question.^* 

I'here are nian> reasons to <]uestion 
whether autoniohde pnxluetion ni Peru 
will e\er be sif^tiificant. Indeed. <loes it 
miike sense for Peru to continue to de- 
velop an aulomohile induMr\? It might 
fare hettet il it abandoned the automo- 
bile-centered itidustri.il de\eloptnent 
iiKxIel and shifted i(s resources into su( h 
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\e< tors as agricultiiret renewable energy 
Industrie*}* and education — activities 
(hat would bei.i. ^ more of the popula- 
tion. 

It is quite possible that at the end of 
(he (entury a number of countries will 
lia\e even fewer automobiles than they 
i o today. Others may join China and 
ban the private automobile except in 
special situations. Although some coun- 
trieSt principally oil exporters* may seek 
toexpand their Heets rapidly, others may 
ha\e second thoughts about investing 
heavily in a technology that depends on 
a nonrenewable resource. Accordingly* 
the) may shift their emphasis toward the 
development of rail- and bus-centered 
transportation systems. Such a move 
would also facihtate inore-efiicient land 
use* itself an issue of widening concern. 

Already* many forward-looking na^ 
(ional govenmients are following th<' 
lead of I)enmark and Sweden in devising 
pohctes to discourage auto'centered 
transport systems. Some are using a gas- 
oline lax very etfeciively for this pur- 
pose: in several European countries, the 
tax on gasoline exceeds the vahte of the 
fuel itself. In i;^ther countries* where the 
price of gasohne is set by government 
either because of a s(ate oil monopoly or 
public sector dominance (such as Mex- 
ico or the Soviet Union), the price of 
^asolme has been raised to discourage 
( ar purchases. A ntnnber of I hird World 
countries that import automobiles* such 
as Kenya, are resorting (o a stiff import 
duty* one that sometimes exceeds the 
market value of the vehicle. The Interna- 
(ional Monetary Fund* in lis attempt to 
promote international monetary^ stabil- 
ity, is aho urging higher (a\es on gaso- 
line as a way to supplement market 
forces that promote reduced depen- 
dence on imported oil.^* 

Kach country must decide what place 
the automobile will occupy in its trans- 
portation system in the post-petroleum 



ERIC 



189 



State of the World— 198^ 



age, since uo two fate exactly ihc same 
set ofconstramts. In some* the affluence 
needed to become a nation of auto own- 
ers may never materialize. Others may 
lack the foreign exchange earnings to 
import oil io fuel a f^cct of cars. Still 



others may abandon private motor vehi- 
cles for reasons of equity. Collectively* 
these pressures suggest the time has 
come for governments everywhere to 
reassess the future of the automobile* 
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Securing Food Supplies 

Lester R. Brown 



Measured jtist tft terms of outptit. the 
piist gcnrnitioii hus hvvw (>nc <jr iiii- 
prcmlcit[c<l progress jii world <igij<'uU 
lure. In 1950 ihc w<jil<l*s brnuTs pro- 
(Jticcd iV2^ million tons ofgniiii. In 198;^ 
they pro<lu<0(J nearly L5 htllion ions. 

increase ofnciiily *.}00 itiillion ioils 
was aU the inoie remarkable because it 
<K< urrcdwlieti tluTe was liiile new crop- 
land to hring nmlcr the pl<jw\i 

On ('l<jser examination thi.s :l:{-year 
span breaks imo two distinct eras — be- 
fore aii<l alter the nil price increase. 
Modern agrictilture thrives on (heap en- 
ergy, and the jge of cheap energy Qme 
to an end in For 23 jears world 

f<K><l otitptit expLiinled at over ^ percent 
per year an<L although thete was urn- 
cem abont rapid popul-ition groivth. 
there was a comfortable margin in the 
growth <jf f<Jod pro<)n<tioii over that of 
|>opnlation. Since 1973. ht)w<*v'cT. <in- 
ntial growth Iras been less than 2 percent 
and the world's farmers have been stnig- 
gliiig t<j keep pace with popiiIati<jn, 

riie gh^hiil increase in world fo<ul oiit- 
pnt als<j ohsetires ividc v^iriations ni indi- 
vidual geographic regi<jns, hi North 
America. producii<jn has steadily otit^ 
stripped deman<L geneniting ever- 
larger export snq^hises. In (he Soviet 



Union, output has fallen behind demand 
over the past decade, making the coun- 
try the largest gmin importer in history. 
And in Africa, which has a pofmlation of 
512 inilhon and which has to feed 14 
million additional people each year, 
fo<jd prodnction per person has fallen 
steadily since 1970. Despite a tripling of 
grain imports; since then, hunger has be- 
come chronic\ an enduring pan of the 
African landscape. 

'Ilie 1983 drought h North America 
and Africa must be considered against 
this backdrop. The principal effect of the 
precipitous decline in the North Ameri- 
can han est was a reduction in stocks and 
a rise in food an<l feedstuff prices. In 
Africa, where national food reserves are 
virtually nonexistent, the drought trans- 
lated into widespread hunger and, in a 
senre of countries, the threat of famine.^ 



The Global Loss of 
Momentum 

As the world recovered from World War 
II, hopes for improvement in worid agri- 
culture were high. An accumulating 
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backlog oi dgruuitural tuchnologies 
such as hybrid corn and chemical rertiliz- 
ers were waitmg to be applied on a mas- 
six e scale. Between 1 950 and 1973 world 
grain |>roduction inort' (han doubled, to 
nearly K3 bjllioii tous. Although output 
expanded more rapidlv in some regions 
than in others, all regions shared in the 
growth. This rising (ide of food prodtic- 
tton improved nutrition throughout the 
world, helping to boost life expectancy 
in the ITiird World front less than 43 
years in the early fifties ttj over 53 years 
in ihe early seventies.* 

This period of broad-based gains in 
titif ritional improvement came to an end 
ni 1973. After the oil price hike that ye*ir 
the growth in world grain output slowed. 
^imc 1973 world grain production has 
expanded at less than 2 percent yearly, 
barely keeping pace with population. 
(See Table 10-1.) Although the period 
since the 1979 oil price hike is too short 
to establish a trendi $30-a*barrel oil may 
well slow growth further. 

In per c apita terms world grain output 
tlr bed from 248 kilograms in 1950 to 
326 kilograms in 1973, an impressive 
gam of 31 percent. (See Table 10-2.) 
Since theUi howe\er. annual grain out- 
put per person has mnained around 325 



kilograms. A global average, this figure 
embraces countries where yearly grain 
availability per person averages only 150 
kilograms, requiring that it all be con- 
sumed directly, as well as countnes 
where it exceeds 700 kilograms and is 
largely converted into meat, milk^ and 
eggs.* 

Since 1973 attention has focused on 
the impact of petroleum prices on food 
supply, but demand has also been 
affected. On the supply side, rising oil 
prices have increased the costs of basic 
agricultural inputs — fertilizer, pesti* 
cides, and fuel for tillage and irrigation 
— thus acting as a drag on output. On 
the demand side of the equationt escalat- 
ing oil prices combined with ill-con- 
ceived national economic policies have 
contributed to a global economic slow- 
down so severe since 1979 that it ha^ 
brought world growth in per capita in- 
come to a virtual halt. Had incomes con- 
tinued to rise at the same rate after 1973 
as they did before, prices of food com- 
modities would have been stronger* thus 
supporting a more vigorous growth in 
farm investment and output. Agricul- 
ttiral underinvestment in Hnrd Worid 
countries has also contributed * f the loss 
of momentum, but the central point is 



Table World Oil Price «nd Gniin Production Trends, Total and Per CapiU, 

1950-85 



Annlml Grow th 



"'criod 



Oil Pncr 
Per Barrel 



Gram 
Production 



PopuUtioii 



Grain 
Production 
Per Person 



1950-73 
1973-79 
1979-83 



(dolljr^) 
2 
12 
31 



3.1 
1.9 
1. 01 



<pera*iiO 
1.9 
1.8 
1.7 



L2 
0,1 
"OJ 



'Sc\crc thouijhi in the I mud Sutc^ jiul AUtiA j»id rcmfd itlhng of uopUnd under V',S, fanu 
program^ reduced the l*t^3 Hoitd h<kr\e^i hcH IiHoh ticnd. iUu^ ihe OuhJuhm xtx %rMn prodkictioti 
'is o\er staled 

urt v^i.ts. IntenmuiiMl Moilc* jr> Fund. .\fuuthl\ hnanoal StfiftsUts. \^rm\is ts^txcs. U Depannketit of 
AgMuihure. li'jrtfi lndMf\ afAgtuuttUYaland i^ood thoiiaftm^ 19^{US2 ^unpublished pntkiuuO (Washing- 
ton. ]) C\ I'niicd ^JiKUK. XtmUhh Huliyhn o/ StattAtifi. Mtnous xssuvs 
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Table 10*2. World Gratn Production* 
Total and Per CaptU* 195<M93 

Grain 

Popu* Grain Ptoduction 
Ycir Ia(ion Production Per Person 




(billion) 


(million 


(kilograms) 






metric tonf) 




1950 




623 


248 




2.74 


751 


274 




3.03 


845 


279 




3 S4 






1970 


3.68 


MOl 


299 


1971 


3.75 


1.194 


318 


1972 


3.82 


M61 


304 










1974 


3.96 


1.222 


309 


1975 


4.03 


1.248 


310 


1976 


4.11 


1.360 


351 


1977 


4.18 


U334 


319 


1978 


4.26 


1.461 


343 


1979 


4.34 


1.419 


527 


1980 


4.42 


1.440 


326 


1981 


4.50 


1.491 


331 


1982 


4.58 


1.540 


336 


1983 


4.66 


1.447 


310 



SouncES: U.S. Dcpanmeni of AgriOiUure. iMd 
ind\(ti 0/ Agnoitiurtti and ^ood Pwduiiim, 1950^82 
(unpubti«h«l pliniouO (Washington. D.C.- 1983): 
Unii«l Nations. Monthly Buiktm 0/ Siattsitcs, New- 
York, various i«suc«. 

that ihc rise in oil prices, affecting both 
food supply and demand, has brought 
the era of robust growth in world food 
output ^o an end. 

Oil is not ihc only resource whose 
questionable supply is checking the 
growth in food output. As discussed iti 
Chapter 4. the loss of topsoil through 
erosion is now acting as a drag on efforts 
to produce more food. And the scarcity 
of water is also beginning to affect food 
production prospects. Since World War 
IL the world irrigated area has more 
than doubled^ btit ihe Hurry of dam 



building of the past generation has now 
subsided. With occasional exceptionsi 
most of the remaining potential projects 
are more difficult, costly, and capital- 
intensive.* 

In some situations, irrigated agricul- 
ture is threatened by falling water tables. 
The southern Great Plains, where much 
of the U.S. growth ininlgated area over 
the last two decades has occurred^ pro- 
vides ^ disturbing example. Irrigation 
there depends almost entirely on water 
from the Ogallala Aquifer^ an essentially 
nonreplenishable fossil water reserve. 
As the water table in ihis vast agricul- 
tural area begins to fall with the deple- 
tion of the aquifer* the cost of irrigation 
rises. Already some farmers in eastern 
Colorado and northern Texas are con- 
verting to dryland farming. For the 32 
counties in the Texas Panhandle, the 
U.S. Department of Agriculture projects 
that irrigation will be largely phased out 
by 1995.« 

A somewhat analogous situation exists 
in the Soviet southwest^ where the exces- 
sive diversion of river water for irriga- 
tion is reducing the water level of the 
Aral and Caspian seas. This has nrany 
long-term negative consequences* in- 
cluding a diminished fish catch and the 
gradual retreat of the water line from 
coastal cities that depend on it fortrans- 
portation.^ Given the strong internal 
pressures within the Soviet Union to 
produce more food* however* the diver- 
sion is continuing. 

A second major threat to irrigated ag- 
riculture is the pften intense competition 
for water between farmings industry, and 
cities- In the U.S. Southwest^ the irri- 
gated area is actually declining in states 
such as Arizona, where Sunbelt migra- 
tion is swelling cities that are bidding 
water away from farmers. In agricultur- 
ally important Maricopa County^ which 
had some 550^000 acres under irrigation 
in the fifties* the irrigated area has 
shrunk by more than one-fifth.* Nation- 
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ally the net area tinder irrigation is pro- 
jected to continue growing over the rest 
of the century, but at a more modest 
rate. 

New research indicates water scarcit- 
ies are also emerging in Africa. South 
Africa, adding 720,000 people each year, 
is fast running out of new irrigation sites. 
A 1983 report of the President'sCouncil 
in South Africa identified the scarcity of 
fresh water as a constraint on that coun- 
try's demographic carrying capacity.^ 

The worldwide loss of momentum 
outlined above will not be easily re- 
stored. Although agrtcultuml misman- 
agement abounds, particularly in the 
Third World and Eastern Europe* it has 
not worsened appreciably over the 
years. Nor can the situation be explained 
by any farmers' loss ol ^ktlls. The expla- 
nation lies in the more difficult circum- 
stances facing farmers everywhere. In 
the mid-eighties it is far more difficult to 
raise world food output at a consistent 3 
percent per year than it was during the 
fifties or sixties. The cheap energy that 
permitted farmers to override easily the 
constraints imposed by the scarcity of 
land, soil nutrients, or water is simply no 
longer available. 



The Population/Land/ 
Fertilizer Link 

The chanfpng relationship between 
world population size» cropland area, 
and energy supplies bears heavily on the 
human prospect over the remainder of 
this century and beyond. Increasingly, 
the energy used in agriculture will be in 
the form of chemical fertilizer. As popu- 
lation grows» cropbnd per person 
shrinks and fertilizer requirements 
climb. And erosion that has robbed soils 
of nutrients is forcing farmers to use 
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more fertilizers. Even urbanization is 
raising demands since as people move to 
cities it is harder to recycle the nutrients 
in human and household waste. Yet the 
combination of rising energy costs and 
diminishing returns on the use of addi- 
tional fertilizer raises doubts that ade- 
quate food supplies can be produced in 
the future at pnces the world's poor can 
afford. 

The central importance of the popub- 
tion/land/fertilizer relationship is a re- 
cent phenomenon. Before 1950 in- 
creases in food output came largely from 
expanding the cultivated area» but with 
the scarcity of fertile new land and the 
advent of cheap chemical fertilizer this 
changed, Between 1950 and 1983 world 
fertilizer use climbed from 15 million to 
1 14 million tons, nearly an eightfold in- 
crease within a generation.^^ InefTecti as 
fertile land became harder to find* farm- 
ers learned to substitute energy in the 
form of chemical fertilizer for land. Fer- 
tilizer factories replaced new bnd as the 
principal source of growth in food pro- 
duction. 

This substitution of energy for land is 
graphically evident; In 1950, when world 
population totaled 2.51 Mtlion, the har- 
vested area of cereals per person was 
0.24 hectares. (See Figure 10-1.) As 
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gmwth in pupulutum grcaily out- 
stripped that of cultivated area, the area 
per person fell steadilyt declining to 0.15 
hectares by 1983. While the amount of 
Cropland per person declined by one- 
third, the fertilizer consumption per per- 
son qtiimupled. climbing fromjust over 
5 kilograms in 1950 to 25 kilograms in 
1983. 



While the amount of cropland per 
person declined by one-third, the 
fertilizer consumption per person 
quintupled* 



The hybridization of corn and the 
dwarfing of the wheat and rice varieties 
that have been at the heart of TTiird 
World agricultural advances over the 
last two decades figured prominently* of 
course, in the growth in world food out- 
put* Sot toot did the doubling of irri- 
gated area. But the efTectii-eness of all 
these practices depends heavily on the 
use of chemical fertilizer. W^tthout an ad' 
equate supply of plant nutrients* high- 
yielding cereal varieties hold little ad- 
vantage over traditional ones. Likewise^ 



an increase in irrigation is of little conse- 
quence if ihe nutrients to support the 
higher yields are lacking. 

The response of crops to the use of 
additional fertilizer is now diminishing* 
particularly in agriculturally advanced 
countries. During the fifties, the applica- 
tion of another ton of fertilizer on aver- 
age yielded 1 1.5 more tons of grain. (See 
Table 10-3.) During the sixties* the fer- 
tilizer/grain response ratio was 8.3 to L 
By the seventies it had fallen to 5.8. 
Some countries, such as Argentina and 
Indiat still apply relatively little fertilizer 
and so have quite high response ratios. 
But worldwide the return on the use of 
additional fertilizer is on the way down. 
Although the biological constraints on 
fertilizer responsiveness can be pushed 
back with continued plant breeding* fur- 
ther declines seem inevitable. 

Fertilizer manufacturing is one of the 
world^s major industries. In an advanced 
agricultural country such as the United 
States, expenditures on fenilizer total 
some $10 billion per year.** Three basic 
nutrients — nitrogen* which is obtained 
from the air* and phosphate and potash, 
both mined from underground deposits 
-account for the great bulk of wodd 
chemical fertilizer production. The in- 



Table 10-S. World Grain ^oduction and Fertilizer Use, 1934^8 to 1979-81 




Wodd 


World 




Ittcremcntal 




Grain 


Fertilizer 




Grain/Fertilizer 


Period 


Ptoduciton' 


Incrcmcm Use' 


Ittcremetu 


Respotue Ratio 






(million metric totis) 




(ratio) 


I9S4-38 


651 


10 






1948-52 


710 


59 14 


4 


14.8 


195^1 


848 


138 26 


12 


11.5 


1969-71 


1,165 


317 64 


38 


8.3 


i 979-81 


1.451 


286 113 


49 


5.8 



^Annual average for period. 
sources: 1954-38 data from United Nations Fond and Agriculture Organizalion (FAO). Produclm 
Vfarbook (Rome; various year»): t^.S. t>cpanment of Agricullure <USDA)* iVorld Sndi^f$ ojf Agrkuttural 
and Food Prodwttiin, t9$h-82 (unpublished printout (Washington. D.C.: I0S3): FAO. fAO 1977 
Atititutt ffrttiit^ RfVtfw (Rome: 1078): l97Mt djila from Paul Andrilcna»,t^SDA,priva<ecommunica* 
lion* December 19^2. 
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dusmal fixing of atmosphertc nitrogen 
ill the form of ammonium nitrate, am- 
monium sulphate, urea, or other forms 
of nitrogen fertilizer is an energy-inten- 
stve process. Although natural gas is the 
preferred fuel and feedstock in the nitro- 
gen fertiliser industry, oil figures promi- 
nently in the mining* processing, and 
transportation of phosphate and potash. 

High energ>' prices have begun to shift 
nitrogen fertilizer production from the 
traditional industrial country producers* 
such as the United States atxl some in 
Western Europe, to countries with en- 
ergy surpluses. Investment in this indu*>^ 
try has been particularly attractive to oil- 
exporting countries that are flaring 
excess gas produced in conjunction with 
oil. To the extent that fertilizers are 
manufactured in countries such as 
Saudia Arabia^ Iran, or Kuwait with gas 
that would otherwise be wasted* future 
price increases may be curbed. The So- 
viet Union, in a situation simitar to the 
gas-surplus countries in the Middle East, 
ts also investing heavily in nitrogen ferti- 
lizer production capaciiy.** 

The distribution of phosphate rock, 
the principal source of phosptiate fertili- 
zer, poses a particular problem since re^ 
serves are concentrated in Florida and 
Morocco. With production concentrated 
around the Atlantic but with the world's 
population and future needs for phos- 
phate mainly in Asia* hi^h transporta- 
tion costs — and thus high fertilizer 
prices in Asian vitlages-^re inevitable. 

With population growth projected to 
continue, the cropland available per per- 
son will continue to decline and the ferti- 
lizer needed to maintain consumption 
will continue to rise. At some point> bio- 
logical constraints on crop yields will 
make the substitution of fertilizer for 
cropland increasingly difficult and 
costly. When this is combined with the 
projected lortg-term rise in real cost of 
the oil and natural gas used to manufac- 
ture* distribme, atxl apply chemical feiti- 



lizrr, thedifi>culty in restoring the steady 
upward trend in per capita grain produc- 
tion of 1950-73 becomes clear^ 



Real Production Trends 

When measuring growth* economists 
adjust current prices for the rate of infla- 
tion in order to distill out the real gains 
in production. Something similar is 
needed in agriculture, wheie growth in 
output is inflated by agricultural prac- 
tices that are not sustainable. Such an 
adjustment would shed light on the 
longer-term outlook by distinguishing 
between gains that are real and those 
that are made at the expense of future 
output. For example* as farm commodity 
prices climbed in the mid-seventies U.S. 
farmers brought land under the plow 
that was not fuited to cultivation. By 
1977 the Soil Conservation Service had 
identified 17 million acres of land in 
crops that were losing topioit so rapidly 
they would eventually be stripped of all 
productive value. The agency recom- 
mended that farmers convert this land to 
grass or forests to preserve its produc- 
tion capacities.!* fo reach a figure of 
real, not just current, U.S. agricultural 
output, the yield from these 17 million 
acres, roughly 4 percent of the U.S. 
cropland total> should be subtracted 
from overall output. 

Similarly, adjustments should be 
made for the output from sloping land 
that was once in ecologically stable, 
long-term rotations of row crops with 
grass and hay but that is now in row 
crops continuously, for topsoit loss in 
these situations has become excessive. If 
American farmers were to take the steps 
needed to protect their topsoil> U.S. 
farm output and exports would be sub* 
stantially less in the short run> but they 
would be sustainable over the long term. 
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Elimination of this ugrottotttic deficit 
through a national soil conservation pro- 
gram that reintroduced the traditional 
practices cited above might also elimi- 
nate the troublesome shortMcrm com<- 
modity surpluses that depress farm 
prices and income. 

In addition to agronomic deficits, 
many of the world's farmers are also in- 
curring economic deficits. Nowhere is 
this more evident than bi the United 
States, where net farm income has .lar* 
rowed almo.st to the vanishing poin;. Be- 
tween 1973, when the world oil price 
began its astronomical climb* and 1982, 
farmers were caught in a sqtieeze be- 
tween depressed commodity prices and 
the soaring costs for fuel, fertilizer, and 
equipment combined with high interest 
rates. 

In 1982* many American farmers sold 
their products for less than they cost to 
produce. The U.S. Department of Agri- 
culture reported that the average price 
received by farmers for broilers in that 
year was below the cost of production. 
Many farmers also sold wheat and com 
for less than the production cost. For 
many, profit margins had virtually disap- 
peared by 1982. (See Figure 10-2.) Be- 
tween 1950 and 1982, U.S. farm output 
more than doubled* but net farm income 
in real terms (1967 dollars) fell from $19 
billion in 1950 to scarcely $6 billion in 
1982.1* This precipitous decline oc- 
curred while the incomes of other 
Americans were rising steadily. 

Farmers were able to sustain the heavy 
losses of the late se\'enties and early 
eighties only by going deeply into debt, 
borrowing against soaring land values. 
But the boom in land speculation came 
to an end in 1981 and land prices fell the 
following two years. As a result, many 
farmers suddenly lost their equity and 
faced bankruptcy. 

Economic conditions fostering specu- 
lation in land have driven land value:i '.o 
a lofty level that bears little relationship 
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to the land's productive capacity. Given 
the economics of the early eighties, buy- 
ing VS. farmland now with the hope of 
paying for it from the prcKJuce would bp 
wishful thinking. Say, for example* 
someone had invested tn prime mid- 
western farmland at S2,000 an acre in 
1981 and planted it in com that yielded 
1 10 bushels per acre. With a mortgage at 
15 percent, the annual interest payment 
would be $300 an acre. Yet at the 1981 
price of $2.40 a bushel the total income 
froih each acre would have been $264* 
not enough to pay the interest, much 
less the princip^ or any of the produc- 
tion costs. 

Nevertheless* it was these spiraling 
land values that until 1981 enabled many 
farmers to borrow and to stay in busi- 
ness. While net farm income has de- 
clined markedly, farm debt has soared. 
As recently as 1973, net farm income ex- 
ceeded $30 billion compared with a farm 
debt of $65 billion* a ratio of roughly 
one to two. (See Figure 10-3.) By 1983, 
net farm income totaled $22 billion 
while the farm debt had climbed to $215 
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btlHon — closf to ton times income,** 

As farmers have borrowed agaiiist the 
soaring prices of their land and other 
assets, not only have they supported 
themselves and their families, they have 
also suh-sidized food consumers every- 
where. Borrowing againsi the inflated 
paper value of fatmland has ted to aritft' 
cally low food prices in recent years. And 
jnsi as productivit) increases cannoi go 
on forever when topsoil is being eroded, 
borrowing that is unrelated lo the real 
value of the land cannoi continue indeft- 
nitely — a lesson many rural banks and 
farmers are unfortunately learning. If 
farmers arc to continue to produce* 
jvrices of farm products will need to rise. 
Without such an increase* ihe more vul- 
nerable farmers and those who have at- 
tractive employment options or who are 
approaching retirement will stop pro- 
ducing* eventually reducing output and 
moving prices upward to a more realistic 
level. 

Although U.S. data might allow the 
conversion of current farm output to 
real output by adjusting for soil erosion* 
similar infonnaiion does not exist for 



mpst countries. And it is difficult to mea* 
suVe the extent to which farm output has 
been inflated in recent years by the 
grt^wing indebtedness of farmers. If 
theise adjustments could be made, how 
ever* it seems clear that the real world 
food output would be far below current 
consumption. 



Dependence on North 
America 

With grain, as with oil or any other basic 
resource* excessive world dependence 
on one geographic region for supplies is 
risky. As the North American share of 
world grain exports has increased it has 
surpassed the Middle Eastern share of 
oil exports and made the world more 
dependent on one region for its food 
than ever before. 

This extraordinary dependence on 
one geographic region for grain supplies 
is a historically recent phenomenon and 
gives North America a politically and 
ecotiomicatly strategic role in the world 
food economy. Many of the world's cit* 
ieSf particularly those in the Third 
World* are fed largely with U.S. and Ca- 
nadian wheat. Much of the world's milk, 
meat, and eggs are produced with U.S. 
feedgrains and soybeans. 

As recently as the late thirties* West- 
ern Europe was the only grain-deficit re- 
gion and Latin Atn«:nca was the world's 
leading grain supplier* exporting some 
nine million tons per year. North Amer- 
ica and Eastern Europe (including the 
Soviet Union) each exported five million 
tons of grain annually. Even Asia and 
Africa had modest exportable sur- 
pluses.'* 

By 1950, the shift from regional grain 
surpluses lo deficits was well under way 
and the outlines of a new world grain 
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ports, (See Table 10-5,) 

The reasons for North AmentVs 
emergence as the world's dominant sup- 
plier of feedgrains and feedstufTs are 
many* On the supply side* the United 
States inherited a prime piece of agricul- 
tural real estate. In contrast to LaUn 
Aniericai where agricultural lands are 
concentrated in the hands of large haci- 
enda owners* or Eastern Europie* where 
state farms and collectives dominate^ 
U.S, and Canadian agriculture are cen- 
tered on the family farm* Although latige 
by international standards* they are 
nonetheless family far*ns and have all 
the attendant advantages of a strong link 
between effort expended by those work- 
ing the land and the rewards of doing so. 



North Atnerica is not only the 
world*5 breadbasket, but its feed 
bag as well* 



The restructuring of world grain trade 
over the last generation has resulted in 
part from the soil erosion problems dis- 
cussed earlier and in part from differen- 
tial population growth rates, as a com- 
parison of North America and I^itin 
America shows. During the late thirtiesi 
I^tin America had a larger grain export 

Table 10*4, The Changing Pattern of World Grain Trade* 1950-53* 



Region 


1950* 


1960 


1970 


1980 


1983* 






(million metric lon«) 




Nonh Ainerka 


+ 23 


+ 39 


+ 56 


+ 131 


+ 122 


Latin America 


+ 1 


0 


+ 4 


- 10 


- 3 


Western Europe 


-22 


-25 


-50 


- 16 


+ 2 


E. Europe and Soviet Union 


0 


0 


0 


- 46 


- 39 


Africa 


0 


- 2 


- 5 


- 15 


- 20 


Asia 


- 6 


-17 


-37 


- 63 


- 71 


Australia and Nevf Zeal 


+ 3 


+ 6 


+ 12 


+ 19 


+ 9 



>Plus sign indicatrs net exports; minus si^n, net imports, 'Average for 104$-52, ^Preliminary. 
sources: United Nations Food and Agriculture Organisation* Pro^luttton yearbook {Rome: various 
^ears); U.S, Department of Agriculture* Fowgn Agrtcuiture Ctrfuhr, Augtisi t98Sf author^ e^tiimatcs* 



trade pattern were begiiiiiiiig to emerge, 
'I'odayt with North America's tinchal- 
lenged dominance as a grain supplier* 
international grain trad^: bears little re- 
semblance to that of the thirties. (See 
Yahle 10-4*) 

As North American agricultural 
growth gained momentum after World 
War 11* U*Sr and Canadian exports of 
grain climbed from 23 million tons in 
1950 to 138 million tons in 1982. though 
they dropped back t o 1 22 million tons in 
1983 as a strong dollar and lethargic 
world economy weakened the buying 
powers of other countries* Feedgrains — 
principally coin* sorgliMmi and barley — 
Iwve nia<le np an ever larger share of the 
total. I'odayi Nortb America is not only 
the world's breadbasket* but its feed bag 
as welL 

While the United States was expand- 
ing its feedgrain exportSi the shipments 
of soybeans grew even more rapidly. Al- 
though soybeans originated m China 
they have thrived in the United States^ 
doing far better than in their country of 
origin. They have also found an eco- 
nomic niche in the world livestock econ- 
omy* with soybean meal becoming the 
principal protein supplement in live- 
stock and poultry feed. Today the 
United States producer over 60 percent 
of the world's soybean crop and ac- 
cotnits for two-thirds of soybean ex- 
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T»blc lO-S. SoybcKit Exports. M^jor 
Exporting Countries. l%0-83* 



Year 


United 
Slates 


Brazil 


Argentina 




(million metric 


tons) 


I960 










8.1 


0.2 




1970 


16.4 


1.1 




1971 


17.0 


1.6 


- 


1972 


15.7 


3.1 






18.3 


$.6 






21.1 


6.0 




1975 


16.4 


8.0 


0.2 


1970 


21.0 


8.6 


0.4 


1977 


20.5 


9.4 


1.0 


1978 


26.1 


7.6 


2.$ 


1979 


27.7 


7.1 


3.2 


1980 


$2.8 


8.4 


2.9 


1981 


27.5 


13.0 


5.2 


1982 


$3.2 


11.3 


3.0 


1983 


$2.5 


11.5 


2.8 



^Bcans ptus bean equivatetil atntcal. 
souttCE: U.S. Department af Agnculture. Forngn 
Agnfuitm Orcuhri, June 1981. August 1982. and 
August 1085. 

surplus than North America, but the re* 
gion's more rapid rale of populaiion 
growth soon changed this. Indeed, if the 
regions had grown at the satne rate since 
1950, North America's population in 
1985 would be so large that it would 
consume the entire grain harvest* leav- 
ing little or none for export. And North 
America* too. would now be struggling 
to maintain food self-sufficiency. 

Today the countries with significant 
exportable surpluses of grain can be 
counted on the fingers of one hand — the 
United States. Canada. Australia. Argen- 
tinat and France. Of these* the United 
States accounts for over half and with 
Canada covers close to 70 percent of the 
to*al. The rest of the worid's depen* 
dence on these supplies varies widely. A 
few countries^ both industrial and dcvel* 



opingt import more food than they pro- 
duce; among these are Algeria* Belgium. 
Costa Rica» Japan, Lebanon, Libya* Por- 
;ugat» Saudi Arabia* Switzerland* and 
Venezuela. Others that may shortly 
move into this category include Egyptt 
Senegal, and South Korea. 

This overwhelming dependence on 
one region* and on one country in par- 
ticular* brings with it an assortment of 
risks. To begin with* both the United 
States and Canada arc affected by the 
same climatic cycles. A pK>or harvest in 
one is often associated with a poor har- 
vest in the other. When reserves are low» 
even a modest fluctuation in the region's 
exportable grain surplus can send price 
tremors through the worid food econ* 
omy. 

An inadvertent agricultural policy 
miscalculation can also be costly. This 
was amply demonstrated in 1983 when 
miscalculations in the U.S. Department 
of Agriculture led to the idling of more 
cropland than had been projected* 
which was followed by a severe drought 
that further reduced harvests. Within a 
matter of weeks, concerned countries 
watched the world grain surplus change 
toa potential grain deficit. The U.S. com 
crop was cut in half, effectively eliminat- 
ing the world feedgrain surplus. A simi- 
lar miscalculation in 1972* when record 
acreage of U.S. cropland was idled» con- 
tributed lo the food shortages of the 
1972-74 period.i« 

When food supplies are tight a North 
American grain export embargo* 
whether economically or politically in- 
spired* can drive foo<l prices upward 
everywhere outside the region. In 1973* 
for example* President Nixon embar- 
goed soybean exports because of short- 
ages at home. Although this helped curb 
food price rises within the United States* 
it worsened inflationary pressures else- 
where. During the same periods Ameri- 
can millers and bakers ^ere pressing for 
restrictions on grain exports, holding 
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out the prospect of soaring bread prkes 
if wheat exports were not restricted. Un- 
fortunately, the world market conditions 
that would lead a principal exporter to 
restrict outgomg supplies arc pr<.'C]sely 
the conditions thar are mosi damaging 
to importing countrk^s. 



Some contend that the current gen- 
eration of farmers has no right to 
engage in the agronomic equiva- 
lent of deficit financing. 



In mid-July of 1075, the Canadian 
Wheat Board banned further exports of 
wht^at until the size of the harvest could 
be ascertained. Similarly, the United 
States, yielding to political pressures 
generated by rising domestic food 
prices, limited grain exports to the So- 
viet Union and Poland in the late sum- 
mer and early fall of 1975. Levied in 
1972, in 1974, and again in 1975, such 
restrictions on exptms became common 
when global grain supplies were tight. 
Perhaps more unsettling, these export 
conlrols were adopted dcsnite the re- 
turn to production ot iiie previously 
idled U.S. cropland. 

As with oil, exports of grain hai-e been 
restricted for political purposes. In 
t973t the Department of State compiled 
a "hit list'* of 'Ihird World countries 
whose U.N. voting records were not 
compatible with U.S. interests so that 
they could be denied food assistance. 
More recently. Pu-sidcnt Carter im- 
posed a partial embargo on exports of 
^rain to the Soviet Union following its 
mvasion of Afghanistan, and President 
Reagan delayed negt>tiattng a new five- 
year grain agreement with the Soviet 
' Union after the imposition of martial law 
in PolandJ^'. 

Coimtrics that rely on North Amcri- 
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can food should take heed of the philo- 
so^ hical debate emerging within the 
United States about the wisdom of min- 
ing the nation's soils to meet the ever- 
growing world demand. Both agricul- 
tural analysts and environmentalists 
atigue that the tountr>' shotild make 
whatever adjustments in its agricultural 
practices arc needed to protect the re- 
source base, even though this would re- 
duce the exportable surplus. Some 
argue that it makos little sense to sac- 
rifice a resource that has been a source of 
economic strength since colonial day$ 
merely to buy a few billion barrels of oil. 
And some contend that the current gen- 
eration of farmers has no right to engage 
in the agronomic equivalent of deficit 
financing, mortgaging the future of gen- 
erations to come. The current trend is 
fraught with risks, both for those whose 
livelihoods depend on sustained land 
productivity af^d for those in countries 
dependent on food imports that eventu- 
ally will dry up if the mining of soil con- 
tinues. Even for the importers^ reduced 
supplies in the short term and less pres- 
sure on North American soils would be 
better than losing the region's export ca- 
pacity over the long term. 



Food Security Indicators 

One of the most useful indicators of the 
world food situation is the food security 
indext which incorporates both grain 
carry-over stocks and the grain equiva- 
lent of idled cropland, l^is combines 
the world's two basic reserves of food 
and expresses them as days of consump- 
tion, a concept readily understood by 
policymakers everywhere. 'iTic two com- 
ponents of the index differ in important 
ways. Carry-over stocks^ the grain in 
storage when the new crop begins to 
come are readily accessible and re- 
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quire only time for shipping arrange- 
ments to be made and for transport. 
Idled cropland^ on the other hand* can 
take a year or more to be converted into 
food by &rmers. 

Carry-over stocks are held for the 
most part by exporting countries — the 
United St^test Canada, Australia^ Argen- 
tina, and France— largely as a service to 
importers. Other countries, particularly 
large ones such as India, maintain grain 
stocks as wellt but these are usually de- 
signed specifically for their own use. 
India's grain stocks, typically ranging 
from 1 1-15 'million tons* were drawn 

Table 10-6. India: Grain Stocks, 





Beginning 


Ytar" 


Slocks 




J 'It- ■ k 

(niilltoil itietnc ions) 


1963 


11.7 


1964 


12.2 


1965 


13.0 


1966 


14.3 


1967 


12.9 


1968 


14.7 


1969 


15.5 


1970 


10.5 


1971 


12.5 


1972 


13.9 


1973 


10.4 


1974 


9.2 


1975 


5.3 


1976 


17.3 


1977 


21.2 


1978 


21.7 


1979 


21.3 


1980 


15.2 


198) 


12.2 


1982 


12.7 


1983* 


12.4 



^Be^nning April 1 of year shown. *Pre1imi- 
nary. 

sources: U.S. Depanmcfit of Agnculiure (USDA)* 
Foreign AgrtoiiitiTt Omhn. May t975. July 
and June David Salmon and Tom Slayton* 
USDAf prtvate communications, August t9d3. 



down to scarcely 5 million tons during 
197^75r a time of poor harvests. {See 
Table 10-6.) After this harrowing experi- 
ence India adopted a target stock level of 
2 U24 millk>n tons as part of a beefed-up 
food security system. Bumper harvests 
in the late seventies helped the govern- 
ment achieve its targets but after stocks 
were drawn down to 12-15 million tons 
during the 1979-80 drought* New Delhi 
has apparently decided for reasons of 
cost to maintain a more modest level of 
grain reserves. 

Maintaining adequate grain stocks is 
expensive not only because of the cost of 
grain elevators but also because stored 
grain represents an investment. So when 
interest rates are high, the cost of carry-^ 
ing grain b also high- And even with the 
best of storage facilities there is always 
some loss involved, thus adding to the 
cost of maintaining the reserves. 

Over time, for a reserve of grain to be 
adequate it should expand in tandem 
with world consumption. In 1960* for 
example^ world reserves of 200 million 
tons were more than ample^ represent- 
ing nearly one-fourth of world consump- 
tion. In 1963t however^ the same stocks 
would represent only one*eighth of 
world grain consumption. A level of 
grain reserves that was adequate in 1960 
would be grossly inadequate in 1983. 

The idled cropland component of the 
food security index consists of cropland 
set aside under farm programs just in the 
United States. Only occasionally have 
other countries intentionally idled crop- 
land and the acreages have usually been 
negligible. During the sixties and early 
seventies U.S. idled cropland averaged 
close to 50 million acres* enough to pro- 
duce an estimated 60 million tons of 
grain. {See Table 10*7.) As growth in 
world food output slowed after 1973* the 
United States returned cropland to pro- 
duction from 1974 through 1977 in an 
attempt to rebuild stocks. Then when 
grain reserves began to recover in the 
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Table 10*7. Index of WoHd Food Security* 1960-83 
Reserves 



(i8y) 





World 


Grain 








Carry* Over 


Equiv, of 








Slocks ol 


Idled U,d, 




\vond 


Year 


Grain 


Cropland 


Toial 


Consumpt 






(tnillioti metric tons) 




(days) 


1060 


200 


36 


236 


104 


l%5 


142 


70 


212 


81 


1970 


164 


71 


235 


75 


1971 


183 


46 


229 


71 




143 


78 


221 


67 


1973 


148 


25 


173 


50 


1974 


133 


4 


137 


41 


1975 


141 


3 


144 


43 


1976 


196 


3 


199 


56 


1977 


194 


I 


195 


53 


1978 


221 


22 


243 


62 


1979 


197 


16 


213 


54 


1980 


183 


0 


183 


46 


1981 


221 


0 


221 


56 


1982> 


260 


13 


273 


66 


1983* 


19t 


92 


283 


68 



■Preliminary. 'Projection. 
sot;RCEs: Rtacrvt blocks from VS. Depanmeni of AgnaiUure (USDA}» Fomgn Agrtcuitart CtrnitaK 
October 1963: cropland idltd in ibt Unittd Statts data Trom Randv Wtbcr, VSDA, private communis 
tati:>n* August l985. 



late seventies, some land was taken out 
of production in both 1978 and 1979* 
With reserves beginning lo drop again in 
1979, all land was released for produc- 
tion in 1980, 

The Reagan administration, wishing 
to reduce government intervention in 
the marketplace, declined to idle any 
cropland in 1981 and only a mode:' 
acreage in 1982, even though world re- 
serves had been rebuilt following two 
consecutive bumper harvests in the 
Uniied States and a worldwide economic 
recession that dampened the growih in 
demand. In 1983, faced with the most 
severe rural depression since the thir- 
ties, the administration overreacted by 
devising two progi'ams to encourage 



farmers to divert land to nonproductive 
uses. The result was the largest diver- 
sion of acreage in U.S. history— over 70 
million acres. Combined with a severe 
drought in the principal U,S, feedgrain 
and soybean producing areas, this led to 
a precipitous decline in the fc>edgrain 
harvest of over 40 percent. This in turn 
reduced the prospective carry-over 
stocks to one of the lowest levels in some 
yeats.'* 

Whenever grain stocks and the grain 
equivalent of idled U,S. cropland drop 
below 50 days of world consumption, 
grain prices customarily rise and become 
highly unstable. In 1973 and 1974, when 
the index dropped to 50 and 41 days, 
grain prices were nearly double tradi* 
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tional levels. Ilic iiulox again fell below 
50 days of consumption in I980> partly 
as a result of drought in the United 
States. This time» however^ prices were 
not nearly as volatile as before^ perhaps 
in pan because interest rates were at re* 
cord highs* makittg investors less in- 
clined to speculate in commodities. By 
late I983» prices, particularly of" feed- 
grains, began to rise, largely because of 
the unprecedented reduction in the r.S. 
grain har\e?t — the product of govern- 
ment miscalculation and drought. 

The food security index measures the 
adequacy of food supplies at the global 
level and ihtis the broad potential for 
responding to national shortages, but it 
says nothing aboiiV conditions within in- 
dividual countries. Here the best indica- 
tor of course, is the nutritional state of 
a country's population. At issue is 
whether a growing child gets enough 
food to develop his or her full physical 
and mental potential or whether a 
worker gets enough food to be fully pro- 
ductive. Per capita food availability for a 
countr) indicates what the national aver* 
age is, but not whether an individual is 
adequately nourished. Assessing nutri- 
tional adequacy requires some knowl- 
edge of how the national food supply is 
distributed. But a lack of data on distri- 
bution makes it very difficult to estimate 
the extent of malnutrition, thus leaving 
the subject open to continuing debate* 

The only time a decline in nutritiott 
shows up officially is when it is severe 
enough to affect mortality. When this 
happens a country is facing famine, the 
ntosl obvious and severe manifestation 
of food insecurity. Using this criterion, 
inadequate though it is, developments 
over ihe past decade have not been en- 
couraging. From the postwar recovery 
years until the early seventies, famine 
virtually disappeared from the world. 
Except in China, which now admits to a 
massive famine in 1960*6L when it was 
largely isolated, the world enjoyed a re- 



markable respite from famine for a quar- 
ter of a century. Whenever famine did 
threaten, the United States intervened 
with food aid, even when it required 
neariy one-fifth of the U.S. wheat crop 
two years in a row. as it did following 
monsoon failures in India in 1964 and 
I965.n 

By the early seventies* however, food 
deficits were widening and famine was 
unfolding in several African countries 
and in the Indian subcontinent. (Sec 
Table 10-8.) Several famines claimed 
hundreds of thousands of lives^ provid* 
ing a grim reminder of the fragility of 
food security even in an age of advanced 
technology. Most were the product of 
drought and a failure of international 
food relief mechanisms. 

During the late seventies world re- 
serves were rebuilt and> except for strife- 
tern Kampuchea, famines subsided— 
only to return in 1983* a year of wide- 
spread climatic anomalies. The capacity 
of poor countries with falling per capita 
food production and deteriorating soils 
to withstand drought and floods has 
lessened. As a r-sult, more countries 
than ever before face the possibility of 
famine in eariy 1984. Among the threat- 
ened countries are Bolivia and Peru in 

Table 10*8, Countries ExperieticitiK 
Famine Since 1950 







Estimated 


Year 


Location 


Deaths 


1960^1 


China 


8.980.000 


1968-69 


Nigeria (Biafra) 


UO00.000 


1971-72 


Bangladesh 


430.000 


1972 


India 


830.000 


1973 


Sahelian Countries 


100.000 


1972-74 


Ethiopia 


200.000 


1974 


Bangladesh 


330.000 


1979 


Kampuchea 


450.000 


1983 


Ethiopia 


30.000 



source: WorldWatch ]n»tituK- c^cnmatts derived 
from various official and i^r :>£fici;)l f^oui^tj^ 
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l^tm Amcrit a. and over a st<*rc ol (oun- 
irics 111 Africa. An FAO icani of agrono- 
ttiLSts assessing the food situation in 
Africa in laic 108:^ idcniiftcd 22 coun- 
tries where crisis seemed Lmminctit — 
Angola. Benin. Botswana.. Cape V'ordt% 
Cental Afritun Rcpuhlii, C/'ad, Kthi- 
opia, Gambia. Ghana, (Guinea. Lesotho, 
Mali, Matiritania, \tozanihique. Sao 
Tonic and rrincipc, Senegal. Somalia. 
Swaziland. Tanzajua. Togo, Zamhia, and 
Zimbabwe. The team of experts ton- 
eluded that four mitliou tons of emer- 
gency grain supplies would be needed to 
avoid starvation among the 145 niilhon 
people living in these countries, 

Since all governments gaiher mortal- 
ity data, though not e<juatty well it Ls 
possible to donimnu these severe food 
shortages. But equally troubling is the 
nitinber of people sult'ei mg from 
chronic malnutrition — that vast middle 
ground between those who are well 
nourished and those who are starving, 
ITieir numbers are difficult to measure 
and therefore easy to ignore, Indian 
economist Amartya Sen observes that 
his government '1ias betii able to ignore 
this endemic hunger because that hun- 
ger has neither led to a run on the mar- 
ket, and chaoSt nor grown into an acute 
famine with people dying of starvation. 
Persistent, orderly hunger does not 
upset the system,"^^ 



A Crisis of Many 
Dimensions 

Iliere is no simple explanation of ^vh> 
elfoits to eradicate hunger have lost mo* 
memum or why food supplies for some 
segments of humanity are less secure 
than they were, say, 15 years ago. De^ 
chnes in food security involve tlie con- 
tinuous interaction of environmental. 



etonoimt. demographic, and political 
variables. Some analysts see the food 
problem almost exclusively as a popula- 
tion isst o» noting that wherever popula- 
tion growth rates are low. food supplies 
are generally adequate. Others view it as 
a problem of resoiurces — soil^ water, and 
energy. Many economists see it almost 
exclusively as a result of underinvest- 
ment, while agronomists see it more as a 
failure to bring forth new technologies 
on the needed scale. Still others see it as 
a distribution problem. To some degree 
it is all of these. 



More countries than ever before 
face the possibility of famine in 
early 1984. 



In an important sense, the food prob- 
lem of the mid-eighties is the result of 
resource depletion. The depletion of oil 
reserves, the loss of topsoil through ero- 
sion, and the growing competition for 
fresh water are central to understanding 
trends in the world food economy. As 
world population expands, the shrinking 
cropland area per person and the reduc- 
tion in average soil depth by erosion 
combine to steadily reduce the per 
capita availability of topsoil for food pro- 
duction. If between 1980 and 2000 there 
is a 6 percent net increase in cuhivated 
land area and a continuation of recent 
soil erosion rates, the amount of topsoii 
per person will fall from 792 tons to 489 
ions by the end of the century, a decline 
of 38 percent, (See Table 10-9,) Because 
the energy that farmers substitute for 
soil lost to erosion is becoming increas- 
ingly costly, production costs every- 
where are on the rise. 

In a basic arithmetical sense the food 
problem is a population problem. If 
world population were now growing at 1 
percent instead of nearly 2 percent there 
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T»ble 10-9. Work! Soil Resources utd Excessive Soil Loss, 1980, With Pn^ections 

to 2000* 









Excessive 


Remaining 


Topsoil 


Year 


Population 


Cropland 


Soil Loss 


Topsoil 


Per Person 




(bUlion) 


(bfllion acres) 


(billion lOns) 


(tons) 


1980 


4.42 


3.12 


22.6 


3.600 


792 


1985 




3.17 


23.1 


3,386 


701 


1990 


6.28 


3.22 


23.5 


3.270 


619 


1995 


6.73 


3.27 


23.9 


3.150 


550 


2000 


6.20 


3.32 


24.2 


3,030 


489 



'Assumes a net growth in \voK<l cropland area ofC percent between 1980 and 2000. and an average 
depth of topsoil ofj inches (or 1.120 tons per acre) In 1980. 
WoKdwatch Institute estimates. 



would still be an ample margin for im* 
proving diets* as there was from 1950 to 
1973. As noted, however* the annual 
growth in food production has unfortu- 
nately fallen from the rather comfortable 
3 percent of that period to a rate that 
barely matches that of population. 

Those who see the food problem pri* 
marily as a distribution problem argue 
that if all the world's food were equitably 
distributed among its people there 
would be no hunger and malnutrition. 
This argument is technically sound but it 
represents a degree of global abstraction 
that is not very helpful in formulating 
policies. It woutd mean* for example, 
that much of the world would be even 
more dependent on U.S. farmers than 
they are today* failing to realize that the 
only long*term solution to hunger in 
most Third World countries is more in- 
ternal produaion. And improving distri* 
bution is not Just a matter of a better 
transport system or subsidized food dis- 
tribution programs. It requires dealing 
with fundamental sources of political 
conflict such as land reform and with 
economic policies that encourage em- 
ployment. 

Achieving a more satisfactory balance 
between the world demand and supply 
of food requires attcittton to both sides 
of the equation. On ihe demand side, the 
success of efforts to upgrade d*eis may 



depend on an emergency program to 
slow world population growth. Cur- 
rently farmers must produce enough ad- 
ditional food each year to feed an annual 
increment of 79 million people— people 
who must be provided for in years of 
good weather or bad. 

Meaningful improvements in diet over 
the rest of the century will depend* too* 
on gains in per capita income* particu* 
larly in the Third World. Unfortunately 
those gains are narrowing or disappear* 
ing. During the seventies* 18 countries 
in Africa experienced a decline in per 
capita income. In most instances these 
national declines appear to be conttnu* 
ing in this decade. Unfortunately* the list 
of countries where incomes have fallen 
thus far during the eighties is far longer 
than it was in the seventies. 



Fanners must produce enough ad* 
ditional food each year to feed ait 
annual increment of 79 million 
people. 



Also on the demand side is the ques* 
tion of how available food supplies are 
distributed. The most vulnerable seg* 
ments of society in times of food scarctiy 
are the rural landless tn Third World 
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countries. Data collected on famine 
deaths in Bangladesh in !975» Tor exam- 
ple, show death rates among the landless 
of 36 per thousand, three times that of 
their neighbors who owned three or 
more acres ofland.'^ Reducing the si2e 
of this extremely vulnerable, rapidly 
growing landless popub Son will require 
far more vigorous famu) planning and 
land reform programs than most coun- 
tries have so far been able to mount. 

On the supply side, the scarcity ofnew 
cropland^ the continuing loss oftopsoiK 
the scarcity of fresh water the end of 
cheap energy, and diminishing returns 
on chemical fertilizer combine to make 
expanding food production progres- 
sively more difficult. In addition^ food* 
deficit Third World countries are now 
straggling with a heavy external debt 
load that is continuing to mount. For* 
eign exchange scarcities are reducing 
imports both of agricultural inputs and 
of food. In 1983, for c^xample, Brazil, 
staggering under the world's heaviest 
debt load» reduced its imports of fertiti* 
zer and other key farm inputs. Scores of 
other countries are similarly affected.'* 

At a time when concessional food aid 
is needed lore than even U.S. prorrarps 
are at the lowest level of nearly a {^genera- 
tion. From their launch in 1954 through 
the late sixties. U.S. food programs ex* 
panded, reaching a high of 15.3 million 
tons of grain in 1966. Enough to feed ^0 
million people in its peak years» this aid 
was an important defense against hun- 
ger in many countries. (See Table 10' 
10.) Preliminary estimates for 1983. 
however, indicate food aid shipments 
had dwindled to some 4 million tons of 
grain. Other assistance programs^ such 
as the World Food Programme, have 
been developed and expanded^ but they 
are small by comparison and cannot 
begin to offset the U.S. decline. In a 
modest effort to enhance food security 
in low-income countries* the Interna- 
tional Monetary Fund launched a new 
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Table 1<KI0. Untted Stitct; Conceiiional 
Grain Exports Uttder Public Law 480, 
1955-82 



Year 


Qjiantity 




Vniiiiioii 10119/ 






I960 


12.5 


1965 


15.0 


1970 


7.8 


1471 




1972 


7.8 


1975 


5.5 


1974 


2.7 


1975 


5.7 


1976 


4.0 


1977 


7.2 


1978 


5.9 


1979 


5.9 


1960 


4.5 


1981 


4.1 


1982 


5.8 



source: Dtwain Rahe. U.S. Department of Agri'^ 
culture^ private communication. Au^st 1983. 

racilitym 1981 that would provide short* 
term supplementary financing to food* 
deficit Third World countries sufiering 
from temporary rises in food import 
bills." 

In addition to the traditional prob* 
lems. political conflicts are creating an 
instability in the Middle £ast» Africa^ and 
Latin America that makes agricultural 
progress difficult. This new hindrance to 
progress is reflected in the World Food 
Programme's emergency relief efforts. 
The share of emergency food relief 
going to vicctms of human*caused disas* 
ters {refugees and displaced persons) 
has come to dominate the Programme in 
recent years, afier starting at a relatively 
modest level. By 1982, less than one* 
third of the Programme's resources were 
devoted to helping the groups who were 
the principal recipients in the early 
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years, those utiected by drought or 
caught in sudden natural disiister^. such 
as Roods or earthquakes. (Sec Table 10- 

Other disruptions borne of despera- 
tion are cropping up in food-deficil 
areas. In late 1983. reports from north- 
eastern Brazil described hordes of hun- 
gry rural people pouring into the towns 
demanding food, water, and jobs. After 
the town of Crato was invaded on three 
different occasions, merchants began 
voluntarily distributing rations of beans, 
sugar, and Hour to forestall sacking and 
looting. Merchants in another town re- 
portedly last some 60 tons of food to 
looterii*^ 

Although drought and recession- 
induced unemployment are leading to 
hunger, thelong-tcrm forces converging 
to create these conditions in the Brazil- 
ian northeast are essentially the same as 
those that have led to the food crises in 

Table II^IL AUocmUon of World Food 
Programme Emergency Relief^ 1963-42 

Sudden Human- 
Natural Caused 
Year Drought Disaster* Disaster' 



(percent) 



1963-72 


44 


33 


23 


1973 


83 


17 


0 


1974 


54 


36 


10 


1975 


21 


44 


35 


1976 


30 


\S 


52 


1977 


50 


3) 


19 


1978 


25 


41 


34 


1979 


33 


10 


57 


1980 


ft3 


5 


62 


1981 


22 


4 


74 


1982 


20 


11 


69 



>Includ«:s earthquakes, floods, etc. 

'Includes refugees, displaced persons, and «th- 
<^ affected ^ <'i^'^l disturbances. 
source: World Food Progtamme^ Amtatt Rtport of 
the ExtfuHw DiTttt&r om the Dfvelofmtnt &f thr Pro- 
gramme 1982 (Rome: 1983). 
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so many African countries: record popu- 
lation growth> underinvestment in agri- 
culture, and physical deterioration in (he 
countryside, Ecologists have for years 
warned that mounting pop^tlation pres- 
sures in northeastern Brazil leading to 
defr>restation and unsustainable agricul- 
tural practices would turn (he area into 
a desert. That grim scenario is now un- 
folding. 

Trends in Africa since 1970 are a har- 
binger of things to come elsewhere in 
the absence of some major changes in 
papulation policies and economic priori*^ 
ties. After rising from 1950 to 1970, per 
capita grain production in Africa has de*^ 
clined rather steadily,** {See Figure 10- 
4,) The forces that have led to this de- 
cline in Africa are also gaining strength 
in the Andean countries of Latin Amer- 
ica, in Central America, and in the In- 
dian subcontinent. Whether the declin- 
ing food production now so painfully 
evident in Africa can be avoided else- 
where will be determined in the next few 
years. 

The issue is no( whether the world can 
produce more food Indeed^ it would b« 
diRtcuU to put any foreseeable limits on 
the amount the woHd's farmers can pro- 
duce. The (question is at what price they 
will be able to produce it and how this 
relates to the purchasing power of the 
poorer segmetit,s of humantty. The envi- 
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ronmental, demographic, and economic 
trends ofthe seventies and eatiy dghties 
indicate that widespread improvements 
in human nutrition will require major 
course corrections. Nothing less than a 
wholesale reexamination and reordering 



(m) 

of social and economic priorities — giv- 
ing agriculture and family planning the 
emphasis they deservc~will get the 
world back on an economic and demo- 
graphic path that will reduce hunger 
rather than increase it. 



209 



11 

Reshaping 
Economic Policies 

Lester R, Brown 



One need not be an economist to sense 
that we are living in difficult economic 
times. Economic growth over the last 
four years has been less than in any com- 
parable period since the thirties and 
there have been no gains in per capita 
income for the world as a whole since 
1979.. In countries such as Argentina^ 
Brazil, Mexico* and Poland, massive ex- 
ternal debt is strangling economic prog' 
ress. 

A projection of Brazirs economic fu- 
ture by Data Resources indicates that the 
country should be able to pay off its 
debit but that doing so means its de- 
pressed industrial output will not regain 
its 1980 level until 1990. By this time 37 
million Brazilians \\ill have been added 
to the 1980 population of 119 million* 
greatly redudngoutput per capita.^ Un- 
fortunately, this projected interaction 
between external debt* economic out' 
put* and population growth is not atypt* 
cal. It confronts dozens of developing 
countries, large and small. 

The budgetary deficits and external 
debts that confound policymakers today 



derive from more-fundamental short- 
comingS'^utdated population policies* 
inappropriate economic policies, and 
misplaced priorities. In all-too-many 
countries, population policies belong to 
another age* a time when rapid popula* 
tion growth slowed but did not prevent 
improvements in living conditions. Eco- 
nomic policies, too, are a carry-over 
from a past when energy was cheap and 
resources were abundant. Existing pri* 
orities in the use of public resources 
were fashioned in an age when incomes 
were everywhere on the rise, when more 
guns did not preclude more butter. 

The preceding chapters make clear 
the extent of resource deterioration* a 
deterioration that now undermines eco* 
nomic performance in many countries. 
Policymakers often lose sight of the rela- 
tionship between the economic system* 
whose performance is monitored in 
great detail* and the resource base on 
which it depends. Glowing economic re* 
ports — with key indicators such as out* 
put* productivity* and exports continu* 
ally setting new records in the shon run 
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— are possible oven as ilic tcoiiomic 
policies ihat generate iheni are destroy- 
ing the resource base. Indeed, one rea- 
son for the bullish indicators might be 
the consumption of the resource base 
ttselft as the discussion of ''Ijviug Be- 
yond Our Means'' in Chapter 1 indi- 
cates. 

The need for a lew accounting system 
is now evident. Existing economic in- 
dicators need to be supplemented by 
others that distinguish between self- 
defeating and sustainable growth. Most 
fundamentally, the world needs a system 
of economic accounting that reflects 
more completely the effects of economic 
policies on the resource base and, con- 
versely, the effect of changes in the re* 
source base on the economy. Tliis sys- 
tem must account for more than the 
short-run ^'bottom line*'; it mmt incor- 
porate values that maintain economic 
life. 



A Revised Accountjnc 
System 

The lack of a more complete economic 
accounting system has led many govern- 
ments to adopt ilUconceived policies in 
the management and use of resources. It 
has permitted governments to focus on 
production, while largely ignoring the 
effects on the natural capital that makes 
production possible. In some instances 
the accounting gap has led to a more or 
less permanent loss of productive capac- 
ity. As this report documents, govern- 
ments' shonsighted approach can be 
seen in one case after another: topsoil 
water supplies^ grasslands, forests. 

Few annual accountings of soil forma- 
tion and soil loss have been attentpted* 
so national political leaders often do not 
know whether soils are being farmed or 
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tttitted. I^cktttg data on soil erosion^ 
goventntents cannot compute either the 
on-farm cost of soil loss or the off-farm 
costs of, for example, hydroelectric res- 
ervoir sedimentatton. This in turn pre- 
cludes complete cost/benefit analyses of 
soil conservation programs. 



Glowing economic reports are pos* 
5tbie even as the economic policies 
that generate them are destroying 
the resource base. 



Resource accounting coMld help man- 
age other resources intelligently as well. 
Water demands often exceed renewable 
supplies^ leading to falling water tables, 
dwindlittg river flows, and shrinking 
lakes. Grasslands are being convened to 
desert in many areaj of the world, but 
fhere is no effort to relat*? desertiftcation 
to excessive livestock numbers and the 
loss of grazing capacity through over- 
grazing. And little accurate annual data 
on changes in forested areas exist, so in 
many situations trees are being felled 
faster than they are regenerating* Many 
countries simply do not know when they 
begin consuming the resource base it- 
self. By the time it becomes physically 
obvious that they ar<. luing so, it can be 
too late to act. 

Changes in a few resource stocks are 
carefully monitored at the global level. 
For example, governments annually re* 
cord the amount of oil produced and 
newly discovered, making it easy to de- 
termitte changes in reserves. This infor- 
mation helps policymakers decide how 
rapidly the remaining oil reserves should 
be exploited. When aggregated at the 
global level the sum of these national 
data provides information of great value 
to decision -makers everywhere, from in- 
dividual consumers to political leaders. 
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At the national Icvol, only Norway ap- 
pears to have adopted a comprehensive 
resource accounting system. In 1974 the 
Norwegian Stortinget (Parliament) in- 
structed the Ministry ofEnviionment to 
prepare an annual review of natural re- 
source stocksi their annual consump- 
tion, and any proposals for their future 
use, Work on the methodology for this 
assessment began in 1975 and aprelimi- 
nary study was presented to the Stortin- 
get in 1977, It included an accounting 
both of material resources and of basic 
biological life^support systems. Other 
countries, including Canada, France, 
Japan, and the Netherlands, have experi- 
mented with alternative accounting sys- 
tems but none has pro(;ressed as far as 
Norway in developing a comprehensive 
accounting,^ 

Nonvay's goal in resource accounting 
is to maximize the "social profit" of re- 
sources and to prevent depletion or deg- 
radation wherever possible. In a United 
Nations Environment Programme re- 
view of the status of environmental ac- 
counting, Edward Weiller observes that 
"the concept of 'natural capital' is at the 
heart of the Norwegian resource ac- 
counting system,"* Its early achitects de- 
cidedt probably wisely, not to attempt to 
integrate it with the national economic 
accounts. In part this was because the 
latter are kept in monetary units, whereas 
resources are measured in physical units. 

The Norwegian experience illustrates 
the value of a modest but realistic ap* 
proach to accounting. It also demon- 
strates that each country needs to design 
its own system, one that is sujted to its 
particular circumstances and needs, 
Japan, for example, a heavily industrial- 
ized and densely populated country, has 
focused on the costs of mitigating envi- 
ronmental damage, in particular the 
effects of air and water pollution on 
human health. South Korean in a some- 
what similar situation* has patterned its 
approach after that of Japan,^ 



In the Third World the primary need 
is to identify and measure the resource- 
degrading consequences of economic 
aaivity. Governments in these coun- 
triesi where "natural capital** is so over- 
whelmingly imponanti need to know 
what is happening to soils, forests, graiss* 
landsi and water resources. If a desert is 
expanding^ for example, policymakers in 
the area want to know how fast it is 
spreading and what can be done to re* 
verse the process. 

Occasionally a country will institute a 
detailed accounting system when a re- 
source is of particular value or when its 
stock is known to be diminishing^ which 
would have potentially serious long- 
term economic consequimces. It was 
precisely these concerns tl:-*t led the 
U,S, Congress to pass the Resource 
Conservation Act in 1977, which re- 
quired the Department of Agricuhure to 
conduct a national soils inventory* focus- 
ing particularly on the relationship be^ 
tween soil erosion and new soil forma- 
tion. The first assessment, in 1977, di ew 
upon some 200,000 samples from crop* 
lands across the country and provided 
the most detailed information ever on 
U,S, soils. The survey was repeated 
again in 1982, but with even greater de- 
tail. Relying on close to a million individ- 
ual samples* it represented the most ex- 
haustive inventory of soils ever 
undertaken by any country. The comple- 
tion of the 1982 assessment provided 
U,S. soil scientists with two data points 
that can be compared to establish long- 
term t rends ,s 

A resource accounting system pro- 
vides a means of incorporating the costs 
of ''externalities" such as acid rain or 
soil erosion into decision-making. The 
goal is more intelligent policymaking 
and a more enlightened public and pn- 
vate management of resources. Much 
more than a resource accounting system 
is needed* of course, for intelligent envi- 
ronmental and resource management* 
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but this is a necessary yardstick lor inca- 
suritig a system*s effectivetiess. 



New Economic Indicators 

As the emphasis in economic policymak- 
ing and planning shifts toward sustaina- 
bility* the inadequacy of many widely 
used economic indicators becomes obvi- 
ous. As the goal of economic policy is 
redefined^ new indicators are needed to 
measure progress. Central to this new 
definition is Kenneth Boulding's obser- 
vation that "it is stocks of goods that 
cotitribute to human well-being while 
flows contribute to gross national prod* 
uct/'* Under *he existing national ac- 
counting system, the production of 
shoddy goods that have to be replaced 
.or repaired frequetitty raises the GNP* 
whereas a modest additional investment 
in high-quality engineering that greatly 
exiends the lifetime of products lowers 
the GNP. 

A set of economic indicators designed 
to measure progress toward a sustain- 
able society should include data* for ^- 
ample> on the recycling of m^jor re- 
sources such as steeh aluminum* glass* 
and paper- The throwaway society 
evolved when enei^ was cheap* raw 
materials were abundant, and there were 
far fewer people competing for re- 
sources than there are today- Societies 
failing to realize that these days are over 
are likely to pay with a falling standard of 
livingi The release of monthly data on 
materials recycling would help highlight 
the importance of this process for both 
the general public and key decision-mak- 
ers. Such indicators are not particularly 
difficult to develop; recycled scrap steel 
for instance* is processed through mills 
just as iron ore is and thus can readily be 
measured- 

Changes in the relative values of the 



various factors of production also call 
for new economic indicators. From the 
beginning of this century until 1973» en- 
ergy became progressively cheaper 
while labor became more expensive. 
That trend has since been reversed, wiu* 
enei^ costs rising much more rapidly 
than those of labor With extensive and 
growing unemployment in industrial as 
well as developing countries* these new 
relationships suggest a need to focus 
more on enei^ productivity, specifically 
on that of oil* the scarcest fossil fuel The 
barrels of oil needed to produce $1,000 
worth of GNP» a measure discussed in 
Chapter 3, is a useful way of detemiining 
how well a society is doing in weaning 
itself from this versatile but dwindling 
enei^ source, Similarty» since cropland 
area is essentially fixed* the value of land 
is increasing relative to that of tabor* 
making landproductivity relatively more 
important. This is not to imply that labor 
productivity is unimportant; rather it 
recognizes that raising the productivity 
of energy and of land increasingly holds 
the key to raising labor productivity. 

In a world where the rate of popula- 
tion growth is often the principal deter- 
minant of efforts to improve living con* 
ditions. data on. population growth 
become an important measure of prog- 
res*;. The need here is not for a new tndi- 
cator but forthe more systematic gather- 
ing and dissemination of data on birth 
rates. Reporting this data monthly Just 
as governments already do for employ- 
ment and inOationt would remind peo- 
ple hou' much remains to be done in 
order to achieve population stability. 

As pressures on the global resource 
base tntenstfyt spurring the shift to de- 
velopment strategies focused on basic 
needs* indicators other than income may 
prove more useful in measuring living 
standards. Given the basic need for 
food, particularly in low-income coun- 
tries, per capita grain consumption or 
caloric intake may be more telling mea- 
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sures of well-being. Incle€d> Bangladesh 
has begun todefine poverty not in terms 
of per capita income but in terms of ca- 
loric imake. In 1080 the govemmem re- 
ported that 83 percent of the people 
were living below the poverty line, 
defined as 2,122 calories a day, and 34 
percent below the extreme poverty level 
of 1,885 calories.^ 



A new set of economic indicators 
keyed directly to basic social needs 
could help guide the effort to create 
a sustainable society* 



in a world where resource scarcities 
make rjpid economic growih more diffi- 
cult or less desirable, designing develop- 
ment siraiegies that focus more sperifi* 
cally on basic social indicators such ^s 
life expectancy or infant mortality may 
be useful. The Overseas Development 
Council has devised a Physical Quality of 
Life Index {PQ^LI) based on three social 
indicators— life expectancy, infant mor- 
tality, and literacy — as an alternative to 
per capita income. The profiles devel- 
oped with this new index suggest that 
rather high levels of social well-being 
can be attained at rather modest levels of 
resource consumption, providing an ap- 
propriate development strategy is fol- 
lowed.* 

Progress towards a sustainable society 
requires changes that will reduce the 
value of CNP as an indicator— under- 
scoring the need for new economic in- 
dicators. For example* if the construc- 
tion industry begins to incorporate: the 
basic principles of climate-sensitive ar- 
chitecture> new buildings will require far 
less energy than existing structures, bi 
effect* architectural design and engi- 
neering know-how will be substituted for 
energy* leading to much lower energy 
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use and a decline in gross national prod* 
uct, but also to an improvement in the 
standard of living. 

Similarly, as planned obsolescence is 
abandoned in favor of high-quality 
goods emphasizing durability* this too 
could lead to a decline in apparent eco- 
nomic output. Stated otherwise^ many of 
the practices that have led to such enor- 
mous increases in gross national product 
do not necessarily cou-elate with im- 
provements in quality of life. In moving 
toward a sustainable society it is quite 
possible to have a short-term decline in 
CNP while living conditions are improv- 
ing. A new set of economic indicators 
keyed directly to basic social needs could 
help guide the efTort to create a sustain- 
able society. 



Economic Policies for 
Full EMPLOYME^4T 

Economic analysts now put rising unem- 
ployment and international indebted- 
ness at the top of the list of the world 
economic problems* both having at least 
temporarily superseded inflation as an 
issue of concern. Unemployment and 
underemployment have been growing 
steadily for more than a decade in the 
Third Worid as more and more young 
people reach working age. [n some de- 
veloping countries the unemployed and 
underemployed combined may consti- 
tute a third or more of the total labor 
force. 

Even Western industrial societies are 
plagued with rising unemployment, [n 
the United States, the United Kingdom, 
and several countries in Western 
Europe, unemployment reached double- 
digit levels in the early eighties* A 
ratchet effect can now be seen in the 
growth of unemployment in these soci- 
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eitcs. During recessions unemployment 
increases* white during economic recov- 
ery the number ofunemployed stabilizes 
or declines only modestly, leaving the 
total number of job*seekers little 
changed. Thus with each economic cycle 
unemployment moves higher. 

Theoretically (he factors of produc- 
tion — land, labor* and capital* which in- 
cludes energy— should combine in the 
marketplace in optimum combinations. 
If a given factor is not fully used, its price 
should drop. But marke( rigidities stidi 
as minimum wages and fixed salaries for 
many categories of workers have over- 
priced labor rekiUvc to other productive 
factors, leaving many people without 
Jobs, The result is a waste of labor and 
a less-tltan^optimum combination of the 
basic factors of production. 

Neither national governments nor in- 
ternational development agencies have 
proved very proficient in devising eco- 
nomic policies that will take full advan- 
tage of a country's bbor force. No gov* 
ernnient would consciously idle part of 
its energy flow or caj^ital assets. Putting 
money in a mattress would be unthink- 
able because it would not contribute to 
productive capacity or earn interest. And 
yet labor is used as unproductively as 
money in a mattress as a result of poorly 
conceived economic policies. Govern- 
ments can avoid this by systematically 
seeking opportunities to use unem- 
ployed bbor to increase a country's en- 
ergy output, to conserve energy, or to 
increase food production. 

One of the more imaginative efforts of 
this kind is South Korea's reforestation 
campaign, which ts described in some 
detail in Chapter 5, In the early seventies 
the government launched a national 
effort to replant the denuded hillsides of 
the country, land that wzs otherwise use- 
less. By the end of the decade, seasonally 
unemployed vilbgers had planted an 
area in forest that was two-thtrds as large 
as that in rice. This "greening of the 
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countryside'* was achieved by combining 
fast-growing pine seedlings from gov- 
ernment-run nurseries, the organisa- 
tional capacity represented by village- 
level cooperatives, and seasonally 
unemployed labor. 

In effect South Korea has created a 
major energy resource, one that will pro- 
vide fuelwood in perpetuity with a mini- 
mal expenditure of funds. Reforestation 
in this setting amounts to ecologlc 
rehabilitation. By reducing runofT, for- 
ested lands reduce soil erosioi and help 
recharge underground aquifers. South 
Korea's efTons, which have added to the 
country's resource stock and reduced its 
unemployment, are a model for other 
countries. Maintaining, culling* and har- 
vesting the planted trees will provide 
employment to thousands of villagers 
for the indefinite future. 

Another activity particularly impor- 
tant in rural areas is the construction of 
small dams that can be used forelectrical 
generation and for water storage and ir- 
rigation. Small dams* which can be built 
almost exclusively with hand tools* can 
also reduce runofTand potential damage 
from RocKling, China, which has some 
89,000 small, locally constructed dams 
with a combined electrical generating 
capacity of nearly 3,000 megawatts, ts 
the unquestioned leader in this re- 
sourceful use of labor,* 

A closely related efTort that can capi- 
talize on rural seasonal employment is 
the construction of terraces on hillside 
cropland. As noted in Chapter 4, where 
population growth is rapid, farmers have 
moved up the hillsides so fast that time 
has not permitted construction of the 
terraces needed to stabilize and preserve 
agriculture on these sloping lands. 
Mobilizing seasonally unemployed 
workei^ for this task could ensure both 
that soil on this land is retained and that 
rainfall is captured and used to good 
effect. 

In a world wh^^re water is becoming 
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increasingly scarce and a constraint on 
food production^ reducing water toss 
from canals can yield a robust return. 
Even in advanced industrial societies 
such as the United States or the Soviet 
Union^ irrigation canals are often dug in 
the bare earth without the benefit of any 
lining. Using stone^ bricks or even a layer 
of plastic can sometimes virtually elimi- 
nate seepage* which can siphon ofTup to 
40 percent of irrigation water supplies. 
In addition to reducing waterlogging, 
often a problem in irrigated areas with 
canal seepage^ the investment of unem- 
ployed labor in this water conservation 
effort would also expand the irrigated 
area.** 



One of the most promising areas 
for employment expansion is 
materials recycling* 



The broad-based effort to develop re- 
newable energy substitutes provides an 
abundance of job opportunities. The 
shift from gasoline to alcohol as an auto- 
motive fuel in Brazil illustrates this po- 
tential. The increase in cropped acreage 
needed to produce sugarcane for the 
distilleries is a source of direct employ- 
ment in agriculture. At the same time the 
construction of alcohol distilleries in the 
countryside near the cane fields provides 
a form of industrial employment in the 
countryside. Although petroleum refin- 
eries need only a handful of workers, al- 
cohol distilleries employ many*** 

A similar advantage exists in the de- 
velopment of wind power* an energy re- 
source that is widely available compared 
with coal or uranium. Turning to the 
wind rather than nuclear power in the 
Third Worid also creates manufacturing 
Jobs locally since virtually all developing 
countries have the industrial capacity to 
produce wind-electric generators* while 



they would have to import reactors. 

Another energy source that can be ex- 
ploited largely by indigenous labor is 
biomass, which can be converted into 
methane by using locally built methane 
generators. Every village in the Third 
World has a certain amoiiTit of organic 
material — human and animal wastes, 
household wastes, and crop residues— 
that can be converted into methane by 
an anaerobic digester. These methane 
generators extract the methane from or* 
ganic material while leaving a nutrient- 
rich sludge that can be used as fertilizer. 
In effect, methane generators combine 
the produaion of energy and the recy- 
cling of nutrients^ which is ccnain to be- 
come an appealing combination as ferti* 
lizer prices continue to rise,** 

As electricity rates and oil and natural 
gas prices rise» a prime opportunity ex- 
ists to substitute solar collectors for 
these conventional sources. A concerted 
worldwide effon to shift to this method 
of water heatings a move that makes 
more and more economic sense, would 
create millions of jobs in the fabrication^ 
marketings distribution* and installation 
of solar panels. 

The manufacture and marketing of 
more-efficient stoves for cooking in the 
Third World is another industry ripe for 
development. Food cooked on an open 
file uses several times as much firewood^ 
cow dung, or crop residue as that cooked 
on more-^fficiently designed closed 
stoves. One advantage of several new 
varieties of stoves is that they can be 
made entirely from local materials and 
produced by village*level industries. 
The social contribution, of the reduced 
pressures on forests and of additional 
employment would be substantial*^ 

Within the United States* one of the 
most promising areas for employment 
expansion is materials recycling* which 
has the advantage of reducing energy re* 
quirementSt consumer costSt pollution* 
and materials use. The use of" irgin ores 
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for the producnon of tlirow^iway coii< 
tainers and other materials is tapital- 
and energy-intensive but uses relatively 
little labor. Recycling, by contrast* is a 
labor-intensive activity ibat requires far 
less capital and energy. 

Out' icaor in wbich all MK'ieties can 
increase employment wbile reducing en- 
ergy iise ii^ transportation. One of the 
attractions of the 55»mile-an-hour speed 
limit in the United ^Statei^, in addition to 
the energy and lives it saves, is that it 
increases employment in both freight 
and passenger transportation. Another 
variation on this basic theme of exchang- 
ing energy for employment lies in the 
design ofptiblic passenger transport sys- 
tems. In some developing countries* 
such as Indonesia, the Philippines, and 
Turkey, small vans that carry six to ten 
passengers are driven on established 
transportation routes* providing passen- 
ger transport that is easily competitive 
with buses in terms of cost but that uses 
less energy and more drivers,'* 

III some cases a combination of the 
i initiati*, es cited above muhiplies job op- 
portuni(:es. For example, the construc- 
tion of a local water storage pond or res- 
ervoir in a rural community can permit 
double cropping^ In many Third World 
countries an increase in water supplies 
during the dry season will make year- 
round cropping possible. In the Philip- 
pineSr for exampkv a new rice-produc- 
tion system has developed in areas with 
continuous water supplies. A farmer 
with, say* four acres of land divides it 
into small plots that are in rice continu- 
ously exiept during the few days be- 
tween harvest and replanting. Each week 
another plot is harvested and replanted. 
With such intensive rotation, the work 
load is distributed evenly throughout the 
year. Labor is used with maximum effi- 
ciency and the land yields three or four 
crops of rice annually,^* 

Mounting unemployment is not inevi- 
table in eiiher indtistrial or developing 
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coitturtes provided national leaders un- 
derstand what needs to be done and 
have the political will to carry it out. In 
most situations the limiting factor is 
imagination and the capacity to orgauize 
people at the local level to achieve com- 
mon social goals* whether the objective 
is planting and maintaining a village fire- 
wood plantation or building a small dam 
to store water and generate electricity. 



EctuiTY AND Stability 

As long as the world economy was ex- 
panding at 4-5 percent per year the 
question of how equitably weahh was 
distributed was largely defused. It was 
assumed that the rising economic tide 
would i*ai,se living standards everywhere* 
and in most countries it did. But now 
that economic growth has slowed it 
becomes more difficult to dodge the dis- 
tribution issue. 

As economic growth lost momentum 
during the early eighties it fell behind 
population growth in many countries. 
For hundreds of millions of people in- 
come levels in 1983 were less than in 
1980. For this segment of global society 
the exhonations to be patient* that their 
lot would improve* are becoming less ac- 
ceptable. As world population moved 
from 3 billion in 1960 to 4,6 billion in 
198B it outstripped the growth in many 
basic commocUties on which humanity 
depends. When the per capita supply of 
a commodity is stagnant or falling for 
the world a5 a whole* if some people con- 
sume more* then others must consume 
less. Patterns of income distribution 
within and among societies must be con- 
sidered against this shifting global eco- 
nomic and resource backdrop. 

One common measure of the equity of 
income distribution within a society is 
the ratio of the income received by the 
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wealthiest one-fifth of popu'ition to that 
of the poorest one-fifth. This provides a 
means for comparing income distribu- 
tion regardless of the level of develop- 
ment. In the more socially progressive 
countries, such as those in Western 
Europe, the income ratio of the top one- 
fifth to the bottom one-fifth ranges from 
4 to 1 to 6 to 1. (See Table U-K) Two 
other major industrial societies, Japan 
and Australia, are also within this in- 
Table IM. Income 
lUstdbudont Selected Countries^ 

Relationship 
of Income 
of Top One*Fifih 
Country to Bottom One-Fif^ 

(ratio) 

Finland 4/1 

E)cnmark 5/1 

Japan 5/1 

NetheHands 5/1 

Sweden 5/1 

United Kingdon 5/1 

Bangladesh 6/1 

West Germany 6/1 

Norway 6/1 

Sri Lanka 6/1 

Yugoslavia 6/1 

India 7/1 

Indonesia 7/1 

Spain 7/1 

South Korea 8/1 

Tanzania 8/1 

France 9/1 

United Stales 10/1 

Malaysia IG/l 
Turkey 16/1 
Venezuela 18/1 
Mexico 20/1 
Peru 32/1 
Brazil 35/1 

^Daia are for Jaiest year available 
sWrce; WorJd Bank. ^Md Devthpmint Htp&rt 
(New York; OKford Univeniiy Pras. J985). 



come distribution bracket. Within the 
'IliirdWorid, India, Bangladesh, and iri 
Lanka stand out, with income distriKu- 
tion ratios of 6 or 7. Other major indus- 
trial countries with somewhat less equi- 
table income distribution patterns 
include France (9 to I ), the United States 
(10 to 1), and Canada (11 1), 

At the other end of the spectrum are 
countries in Latin America ind the Mid* 
die East. Brazil which has by far the 
greatest concentration of wealth of any 
major country, is at the bottom of the 
scale, with a ratio of 33 to 1. This ex- 
plains why Brazil is sometimes described 
as ''a Belgium and an India" within the 
same boundaries. For the upper 10 per- 
cent, or roughly 13 million people* in* 
comes are comparable to those in north' 
western Europe: for many remaining 
Brazilians, incomes and living condi* 
tions are much closer to those in India. 
Mexico, the second largest country in 
Latin America^ also has a highly skewed 
income dtstrtbtition pattern. The weal- 
thiest one*fifih of its population has an 
income 20 times as great as the poorest 
one-fifth. In Mexico, as in Brazil this 
puts the poorest segments of society at a 
meager subsistence level of existence* 

For governments wishing to acuieve a 
more equitable distribution of income 
there are numerous public policy instru- 
ments that can be used* One of the most 
common, of course, is a progressive in- 
come tax, a principle of taxation that has 
been widely adopted throughout the 
world* Education, or more precisely ac* 
cess to education, can also play an essen* 
tial role. To be an effective equalizer, the 
educational system must be accessible to 
all people regardless of their economic 
or social standing* 

When policies to redistribute income 
do not adequately reduce inequalities, 
governments can turn to the redistribu- 
tion of productive assets, relying on land 
redistribution or employee stock option 
plans. In largely agrarian societies* land 
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roclistribunon ts oitcn iHo koy to rodts- 
tnhuttng wealth. Prominent among 
thoso tising this device are Japan. South 
Korea, and Taiwan, countries that im- 
plemented thorough land reform prc^ 
grams as part of the retonstrtiction fol- 
lowing World War 11. Other countrirs. 
such as the United States, have brouKht 
about land redistribtuion indireetly 
through initiatives ^uch as the Home- 
stead Act. Although land reform is often 
the key to both wealth redistribution and 
successftil rural development, it is also a 
politically formidable undertakitig. 



It is a mistake to invest heavily in an 
extensive automobile infrastruc- 
ture that will benefit only a small 
fraction of a country's population. 



The selection of technologies often 
has an indirect impact on the distribu- 
tion of wealth. For example* when Pakis- 
tan was granted a large loan by the 
W^orldBankto purchase four-wheel trac- 
tors of the sort used in Europe and the 
United States, the larger farmers^ who 
were able to atford this equipment, ac- 
quired an advantage. With this tillage ca- 
pahiUty many began looking for addi- 
tional land tu add to their holdings, 
often absorbing smaller farms, whose 
owners lacked mechanical power. The 
net effect was a further concentration of 
land in the hands of wealthier landown- 
ers, A more equitable alternative would 
have been to use the resoiii.:es to import 
or domestically manufacture smaller 
two-wheel power tillers of the Japanese 
variety, an approach that would have 
helped smaller farmers remain competi- 
tive.'^ 

A similar situation exists with trans- 
portation planning. Given that there is 
not enough oil or other fuel to permit 



atitomobile fleets in the Third World to 
achieve the near<-saturatton levels of the 
United States or Western Europe, it is a 
mistake to invest ^^eavily in an extensive 
atitomobile infrastructure that will be- 
nefit only a small fraction of a country's 
population. Social equity is better served 
hy investing these same resources in an 
extensive public transportation system 
augmented by bicycles, mopcds* and 
motor scooters. .Motorized three-wheel 
rickshas of the sort pioneered in India 
cotild be used as taxis. 

Similarly, the selection of medical 
technologies influences the distribution 
of health care services. If a country in- 
vests in a large modem hospital in its 
capital city it will be able to serve a small 
el'.te rather well but will lack the re- 
sources to ptovide any medical services 
at all to the bulkof the population. In the 
Philippines* for example^ a $50-million 
heart-surgery center has been con- 
structed at a time when many Filipinos 
tack access to even rudimentary health 
care. The waste is even greater because 
those Filipinos who can afford opcn- 
hean surgery prefer to fly to the United 
States for the operation rather than en- 
trust themselves to local surgeons.*' In- 
vesting $50 million in village clinics and 
the training of paramedics could mea- 
surably reduce infart mortality and raise 
life expectancy in the Philippines. 

In many Third World countries there 
is a particularly strong bias against rural 
areas that must be addressed. Urban 
areas invariably manage to command the 
lion's share of investment in public ser- 
vices. Development economist Michael 
Lipton points out that in India^ for ex- 
ample> a youngster bom in an urban set- 
tit^g is eight times more likely to gain 
aumission to coUege than one born in a 
village.'* Similar contrasts can be found 
throughout the world in investment in 
basic social services such as education 
and health care. 

As it becomes clearer that the worid 
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economy ^^ not Ukel> lo resume ihc 
rapid growth of the last few decades^ the 
emphasis in economic policymaking and 
development planning needs to Hxiti to- 
ward efforts to satisfy basic needs if liv- 
ijig conditions are lo improve. The 
'*basic needs'* development strategy 
concentrates on nutrition, literacy, and 
health care. Social planners will need lo 
acknowledge that for a person with a loaf 
of bread an additional crust is of little 
value, but for someone who has only a 
single cmst of bread, a second crtist can 
greatly improve the quality of life. 

Countries with severely skewed in- 
come distribution patterns often lack so- 
cial cohesiveness, making it difficuh to 
mobilize for the achievement of specific 
goals. South Africa is facing this di- 
lemma as it confronts a threatening pop- 
ulation (.explosion. When commenting 
on a recent governmental commission 
report on projected population growth 
in South Africa, Professor David Welsh 
of the University of Capetown observed; 
''Reading the somber unemotive facts 
piled up by the science committee* one 
is made aware that we have a time bomb 
ticking away in our midst. If future popu- 
lations are to control population growth 
the old order of racial supremacy and 
discrimination* of forced migrancy and 
poverty, of inadequate housings and 
unequal education will all have to go/' 
Without these social adjustments, there- 
port concluded Jt would be virtually im- 
possible to bring fertility down fast 
enough to avoid a Malthusian catastro- 
phe, 

Given the grossly inequitable income 
distribution patterns in many Hitrd 
World couniriesF the potential for social 
unrest and political unstability is high, 
lilts is painfully evident in Africa, where 
incomes are now falling in so many 
countries, and in Latin American coun- 
tries wiih large external debts* where se- 
vere belt tightening measures are re- 
quired to maintain credit-worthiness. At 



issue, as fomt^r U.S Assistant Secretary 
of State C. William Maynes observes, is 
whethf r ''the ec^-nomic strains that 
Third World governments are ex- 
periencing ar'* p»'Ovi«5 *oo great for ex- 
isting political structures to sustain,"'*^ 
In a world experiencing economic 
stresse? r*t>re srveie ti*an any since the 
thirties, political stabtUiy may depend on 
reducing inco^U' disparity to a range 
that is morally acceptable and politically 
tenable. 



Now Guns or Butter 

The past generation has witnessed an 
unprecedented militarization of the 
world economy. Prior to World War II> 
militaryexpenditures claimed less than 1 
percent of gross world output- In ICtf3 
they consumed 6 percent. In real terms, 
military expenditures increased some 
twentyfotd between the early thirties and 
early eighties. 

The miliiarization of the world econ- 
omy, initially spurred by U,S,-Soviet ri- 
valry, has spread to the developing 
world aswell. Increasingly, countries are 
seeking security in military power. In 
1983, this translated into global military 
expenditures of $663 billion, a sum that 
exceeds the combined income of the 
poorest half of mankind, (See Table IN 
2.) This trend threatens society in two 
ways. As militarization and moderniza- 
tion have proceeded apace over the past 
generation, new weapons have evolved 
that possess an unprecedented destruc- 
tive capacity. Much of this destructive 
potential is vested in some 50,000 nu- 
clear weapons, 98 percent of them in the 
hands of the two superpowers,'* 

The second threat lo society from 
miliiarization is less direct, stemming 
from the divenion of resources away 
from pressing social needs. Swedish Un- 
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Table 11*2^ World Miliury £Kpendhur€s> 
1975-83 (in 1980 dollars) 



Vear 


Expend i I ures 


Annua) 
Increase 




(bill ion dollars) 


(percent) 




T #*l 






TOO 










1970 


509 


1.2 


1977 


319 


2.0 


1978 


332 


2.5 


1979 


33^ 


i.i 


1980 


361 


1.2 


1981 


379 


3.2 


1982 


619 


6.9 


19831 


66:* 


7.1 



iPrchminary cstimalc by \Vorldwatch Irtstltitte. 
Source: Stockhalm Iniemationat Peace Research 
Institutes Wortd Amamint$ and DisarmavntnL SIPRI 
Ytttrtook 198} (New Vork: Taylor k Francit. Inc.. 
1083). 



der-Secreiary of Stale Inga Thorsson, 
who chaired a U.N. group studying the 
relationship between disarmament and 
development* reports that the study 
*'presenis overwhelming evidence that 
contemporary military establishments 
significantly distort and undermine the 
very basis of sustained economic and so* 
cial development in all count ries.*'** 
Every dollar spent for military purposes 
reduces the public resources available 
for other purposes. The implications of 
this are most evident at the national 
leveL Although the United States leads 
the world in military expenditures the 
military share of the Soviet economy is 
substantially larger, an estimated 9-10 
percent compared with 6 percent for the 
United States. This drain of resources 
from agriculture and the consumer- 
goods seaor of the Soviet economy is 
leading to a markedly slower rate of 
progress than was achieved as recently 
as a decade ago.*' 

Conditions within the Soviet Union 
suggest i\ ' its leaders will respond to a 



U.S. initiative that would lessen interna- 
tiotial tensions and permit the Soviets to 
focus on their internal economic prob* 
lems. In his missile-frecie speech in 
early 1982, President Brezhnev said> 
"We have not spent, nor w ill we spend a 
single ruble more for these purposes 
than is absolutely necessary." As Soviet 
analyst Marshall Goldman notes^ this de- 
parts from past statements since Soviet 
leaders normally omit cost considera- 
tions when discussing military matters, 
and it may well reflect a Soviet interest in 
reordering priorities.*^ 

Although Breihnev*s successor Yuri 
Andropov, has not publicly addressed 
this point, the Soviet economy is clearly 
suffering from the heavy diversion of in* 
vestment capital to the military sector. 
One consequence of the heavy Soviet 
emphasis on military production is that 
the Soviet Union is militarily strong and 
agriculturally weak. Now the worid's 
largest food importer, it depends heavily 
on grain imports from the United States, 
the very country its military buildup is 
aimed at.** 

For the United States, 'he diversion of 
investment capital to the arms'produc- 
ing seaor is depriving the remainder of 
ihe economy of investment capital. One 
consequence is that old plant and equip- 
ment is not being replaced, leading to a 
decline in the U.S. competitive position 
in the world economy. The competitive 
advantage in basic industries such as 
steel and automobiles is shifting toward 
countries with more modem, more ener- 
gy^efficient plants and equipment, Econ* 
omist Robert Lekachman observes that 
"the huge deficit engendered by impru- 
dent tax cuts and even more misguided 
enlargement of the Pentagon rakeoff 
from the economy have turned the Trea* 
sury into a potential competitor for rela- 
tively scarce investment resources and 
contributed heavily to the skittishness of 
the financial markets.'*** 

At the global level, research expendi* 
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lurcs dt^otod lo ilio dt^clopmcni or new 
weapon systems overshadow the stricdy 
miiitary share or the world economy. An 
esiimatt^d 23 percent of att investment 
in science attd technology is designed to 
either impiovc existing weapon sys- 
tems or develop new ones. (See Table 
11-3.) 

Some 500.000 ot the world's finest 
scientists and engineers work in military 
research,**^ Given the skill levels re- 
quired in developing new weapon sys- 
tems, it is likely that the share of top 
talent engaged in this destructive field of 
endeavor is well above the 22 percent of 
scientists involved overall. Not only do 
niilit;u7 expenditure dott&nate the glob- 
al research and development budget* 
but they far exceed the combined re- 
search run<ls to develop renewable en- 
ergy technologies* expand food output, 
and improve contraceptives. 

Costly though these diversions of 
financial and scientific resources are, 
they may be matched by the claims that 
militarization makes on the time of 
political leaders. More and more of the 
working day of th<.'se individuals ap- 
pears to be absorbed in attempts to re- 
solve ititek national conflict in oite part 
of the world or another. Not only does 
conflict divert the energies of political 
leaders from other tasks* but the con^ 
frontational climate that exists, particu- 
I'ltrly between the two superpowers, is 



not conducive to the cooperative ad- 
dress of problems. 

The progressive militarizatiorn of the 
world economy is also beginning to 
affect the stability and integrity of the 
international economic system, Weap* 
ons purchases have comributed to the 
burdensome debt with which many 
Third World countries are now saddled. 
Within the United States* growth in mili- 
tary expenditures during the early eight- 
ies has contributed heavily to the record 
fiscal deficits. It is certain to keep inter- 
est rates high in world financial markets 
for years to come, pushing debt-bur- 
dened Third World countries toward ' 
Tault, As of the mid-eighties the greatest 
single threat to world financial security 
may be the enormous U,S, fiscal deficit* 
part of it incurred in the name of na- 
tional security. 

The economic backdrop to militariza- 
tion is changing. During the third quar- 
ter or this century, the world was able to 
have both more guns and more butter. 
Since 1978, however, world military ex- 
penditures have expanded at more than 
4 percent per year in real terms, com- 
pared with 1,7 percent for the world 
economy,** With per capita income for 
the world as a whole stagnating since 
1979, increasing the military share of the 
gross world product has been possible 
only by reducing civilian consumption. 
It is this Tundamental change in the eco- 



Table 1 1-3, Estttnated Diversion of World Resources to MilitJiry Use* 1980 

Resottrce Diversion to Military Use 



Military expeaditure 


$561 billion 




6 percent of gross world product 


l^bor force 


50 million workers 


Land 


1 percent of earth's land surface 


Kxpendiitire on milttary science and 


23 percent of total expenditure on science 


technology 


and technology 


.Scientists and research workers engaged 


22 percent of world total 


in military research 





source: Wnrldwatch Institute cstimatM based on data in Inga Thorasoni "Guns and butten Can the 
world have both?." /mrmahom^t Labtmr Rn'itw. July/August 1983. 
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nomic backdrop against which resoiuces 
are allocated between military and non- 
inilitarv' sectors that ma^ force political 
leaders back to the drawing board in al- 
locating priorities. 

lliat military expenditures could ex- 
pand when the economy is stagnating is 
an indication that the roots of militariza- 
tion are deep in the body politic. Ruth 
Leger Sivard* compiler of the annual 
World SJilitary and Soaal Expenditures. 
notes that "even long established de- 
mocracies, where civilian control of the 
military is a firm tradition* are not im- 
mune to the effects of the military power 
tht7 have created in the name of de- 
fense.**" Within national governments, 
departments or ministries of defenvc 
typically dominate the budgetary pi^- 
cesi. 

Sivard notes that the arms-producing 
industry is "one ofthe most prosperous 
and powerful industries in the world 
today with unparalleled resources to in- 
fluence political decisions. As sales 
agent for a burgeoning government 
sponsored trade in arms, it takes on im- 
portant policy making functions which 
determine priorities both at home and in 
foreign countries*****^ Countering the 
military-industrial complex that Ptesi- 
dent Eisenhower warned about as he was 
leaving office will not be easy. Only when 
people become aroused in large num- 
bers is the militarization of the world 
economy likely to be reversed. Rising 
public awareness of where current world 
military expenditures and policies could 
lead has translated into some of the larg- 
est political demonstrations and mass 
rallies ever held in Western Europe or 
the United States. New organizations are 
springing up on both sides of the Atlan- 
tic to counter what is perceived to be a 
dangerous drift of events. 

Another possible hope for reversing 
the trend toward militarization lies with 
the International Monetary Fund (IMF) 
and the World Bank. The IMF in particu- 
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lar is gaming leverage in many Third 
World countries as they are forced to 
turn to it for investment capital. If their 
economic viability and capacity to ser- 
vice debt hinges on reducing military ex- 
penditures and foreign exchange outlays 
for arms imports, the IMF may be able to 
turn national policies in a more rational 
direction. 



Weapons purchases have con- 
tributed to the burdensome debt 
with which many Third World 
countries are now saddled. 



Yet another possibility is the emer- 
gence of a strong national political 
leader or international figure who has 
the stature to turn the world away from 
militatization. An example of this pro- 
cess on a smaller scale is the way coun- 
tries in Western Europe have success* 
fully ended generations of enmity and 
conflict. In part this is due to postwar 
visiotiaries such as Jean Monnet who saw 
a European community as a solution.^^ 
Exactly how the current worldwide con- 
flict between the military goals of gov- 
ernments and people*s aspirations for a 
betrer life will be resolved remains to be 
seen. But it seems clear that if militariza* 
tion of the world economy continues, 
the social costs will be high. 

One glimmer of hope in this field re- 
sides in Argentina, where the newly 
elected government, the first nonmili- 
tary government in almost eight years, is 
planning to reduce military expendi* 
tures sharply Shortly after his election 
on October 30, 1983, President-elect 
Ra^l Alfonsfn announced plans to boost 
spending on education and welfare by 
cutting military spending. Should he 
succeed, he might be followed by other 
governments in similarly dire economic 
straits.^* 
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Priorities: Back to the 
Drawing Board 

The mounting economic stresses of re- 
cent years make it clear that existing 
policies and prioritios are noi working 
well. In the absence of a massive reord- 
ering of priorities — one that shifts natu- 
ral resources and political energies from 
the arms race to efforts to brake world 
population growth* to protect the agro- 
nomic and biological resource systems* 
and to spur the energy transition — eco- 
nomic conditions will almost certainly 
continue to deteriorate. 

In many ways the human prospect is 
tied to two transitions — from primary 
dependence on fossil fuels to a reliance 
on renewable energy resources, and 
from an equilibrium of high birth and 
death rates to one of low bir;h and death 
rates. Completion of the former involves 
a restructuring of the global economy; 
the latter depends on basic changes in 
reproductive behavior. 

As things are now goingt the human 
prospect is being shaped by population 
growth, by the depletion of both renew- 
able and nonrenewable resources, and 
by the arms race. Advances such as bio- 
technology* microcomputerst and the 
associated electronics revolution are 
sure to help shape the future^ but the 
dominant inBuence will be the basic pro* 
cos.ses used to produce energy and food. 
German novelist GUnter Grass elo* 
quently made this point in a lecture: "To 
be sure, ive can make great new discov- 
eries with our technological skill and 
scientific ability^we can split the atomst 
see to the end of the universe* and reach 
the moon. But these milestones of 
human progress occur ii^ the midst of a 
society sunk in a statistically proven bar* 
barism. All those atom-splitters* those 
conquerers of space^ those who punctu* 
alty feed their computers and gather* 
store and evaluate all their data; none is 



in a position to provide sufficient food 
for the children of this world."" 

Faltering development strategies in 
the Third World can succeed only if they 
are reoriented. Auto-centered develop* 
ment models borrowed from the indus- 
trial countries and left over from the age 
of oil serve the needs of a small minority* 
an affluent elite. As Soedjatmoko, an In- 
donesian and rector of the United Na- 
tions University in Tokyo, has observed* 
industrial growth needs to be redirected 
toward meeting the needs of the major* 
ity.^^ Such an industrial strategy would 
focus less on large tractors and more on 
two-wheel power tillers* less on automo- 
biles and more on motor scooters and 
bicycles* less on nuclear power plants 
and more on simple solar water heaters. 
To be successful, each country needs to 
forge its own industrial development 
strategy* one responsive to its particular 
needs and circumstances. 

A successful transition from fossil 
fuels to renewable «nergy will require a 
far more energy-efficient economy than 
now exists* In the past, developing coun* 
tries everywhere could simply emulate 
the oil*centered energy economies of 
the industrial countries. Now as they 
begin to move away from petroleum to* 
ward renewaWes* each country must tai* 
lor its energy plan to its indigenous en* 
dowment of replenishable energy 
resources. The transition to renewables 
can endow an economy with a pertna* 
nence that oil-based societies lack. It 
could also lead the world away from the 
existing inequitable, inherently unstable 
international oil regime because renew* 
able energy sources are locally available 
in all countries. 

Completing the demographic transi* 
tion — to low birth and death rates— is 
clearly possible* as a dozen countries 
have demonstrated. These societies 
have eliminated population growth as a 
source of ecological stress and resource 
scarcity. Not surprisingly, these 12 coun* 



er|c 



2S4 



Rfihapmg Economic Polictes 



tries with zero population growth have 
highly equitable income distributions* 
all ranking near the top internationally. 
Their improvement in economic and so- 
cial conditions has been so per\^asjvc 
(hat tto special effort was needed to 
bring population growth to a halt. Other 
major industrial countries outside 
Euf'opCt such as the United States and 
the Soviet Union* however, have not 
reached zero population growth and do 
not yet have apolicy fordoiitgso. Within 
the Third World some coutttries are 
making steady progress in bringing 
down birth rates^ but only a few have 
adequate programs. If these countries 
are (o slop population growth within an 
acceptable time frame, vigorous national 
leadership and strong incentives for 
smaller families will be required* Gov- 
ernments that fail are likely to see their 
efforts to improve living conditions 
overrun by the growth in human num- 
bers. 

Given the obvious impact of rapid 
population growth on human welfare^ it 
IS inexcusable that an estimated two- 
thirds of all couples in the Third World> 
excluding China* still lack ready access 
to family planning services. An es* 
timated fourfold increase in family plan- 
ning expenditures — from $920 million 
to $3*700 million— is needed to make 
population stabilization a realistic goal. 
This increase of $2*800 million repre- 
sents less than two days' worth of global 
military expenditures at the 1983 rate.^^ 



In the simplest terms, we are in a race 
to see if we can slow, and eventually halt* 
population growth before local life-sup- 
port systems collapse. And we are in a 
race to reverse the nuclear arms buildup 
before we self-destruct. For many* the 
threatened decline in living standards 
has become a reality. Some countries 
have tried to postpone such declines by 
going heavily into debt. But over the 
long term> only a basic reformuiation of 
development strategies* including popu- 
lation policies, will save us. It is no 
longer a matter of tinkering with priori- 
ties. Only a thorough reordering will do. 

The future is both discouraging and 
hopeful. With whole continents ex- 
periencing a decline in living standards 
there is ample ground for pessimism. 
The worldwide loss of momentum in 
improving living conditions is not en- 
couraging. Yet the problems we face 
are of our own makings and thus within 
our coniroL On the optimistic side* 
every threat to sustainabiltty has been 
successfully addressed by at least a few 
countries. Even without any further ad- 
vances in technology every major prob- 
lem can be solved> every major human 
need satisfied. The issue is not technol- 
ogy or resources* but awareness and 
political will. Whether the future is 
bright and promising or dark and bleak 
hinges on how quickly we can mobilize 
politically to bring about thfr changes in 
policies and priorities that circum- 
stances call for. 
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Chapter I* Overview 

1, ImjUiLatLuns uf the pHrase **nudear 
winicn** coined by research scientist Richard 
P* Turco of R & D Associates* Marina del 
R^iy* Calif,, were discussed by Carl Sagan at 
the Conference on the Long-Term World- 
wide Biological Consequences of Nuclear 

W^kr, Washington, DX„ October 31 -Novem- 
ber 1, 1983, For the principal conference pa- 
pers, see Sa^* December 23, 1983, 

2, World oil consumption dat^fe arc from 
American Petroleum Institute <AP1), /Josir 
troUum Data Book (Washington, DX,; 19S3) 
with 1983 estimates by Worldwatch institute 
based on **Midyear Review and Forecast,** Oi/ 
and Gas Journal July 25, 1983, 

3, OECD projections of 1985 generating 
capacity are from International Energy 
Agency (lEA), Wortd Energy Outlook (Paris; 
Or^ni^tion for Economic Co-operation 
and Development, 1982); reactor cancella- 
tions in the U,S, arc from Atomic Industrial 
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